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MINISTRY  NOTE 


This  report  was  produced  as  a  reference  document  for  the 
effluent  limits  development  process  for  the  Ontario  Inorganic 
Chemical  Sector  (ICS). 

The  information  presented  will  be  used  as  a  basis  for  setting 
effluent  Hmits  based  on  Best  Available  Technology  for  each 
of  the  Ontario  ICS  plants. 

The  report  however  may  not  be  the  sole  basis  on  which 
limits  for  the  ICS  will  be  developed.  Other  sources  of 
information,  which  are  acceptable  to  the  ICS  Joint  Technical 
Committee,  may  also  be  used  in  the  limit  setting  process. 

The  views  and  ideas  expressed  in  the  report  are  those  of  the 
author  and  do  not  necessarily  reflect  the  views  and  policies 
of  the  Ministry  of  the  Environment,  nor  does  mention  of 
trade  names  or  commercial  products  constitute  endorsement 
or  recommendation  of  their  use. 
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VOLUME  1  -  STUDY  REPORT 


Section  1 
INTRODUCTION 


BACKGROUND 

The  Ontario  Ministry  of  the  Environment's  (MOE)  Municipal-Industrial  Strategy  for 
Abatement  (MISA)  program  was  initiated  in  1986  to  strengthen  the  controls  on  water 
pollution  in  the  Province.  The  ultimate  goal  of  the  MISA  program  is  the  virtual  elimin- 
ation of  persistent  toxic  contaminants  from  all  discharges  to  Ontario's  waterways. 

The  first  phase  of  the  MISA  program  involved  the  development  of  effluent  monitoring 
regulations  for  nine  direct  discharging  industrial  sectors.  These  regulations  require 
many  direct  dischargers  to  monitor  flows  and  contaminants  in  their  point  source  dis- 
charges. The  second  phase  will  involve  the  development  of  effluent  limits  regulations 
for  each  of  the  nine  industrial  sectors. 

In  order  to  develop  effluent  limits,  pollution  control  technologies  available  to  the  indus- 
try for  removal  of  contaminants  must  be  evaluated.  Furthermore,  the  financial  and 
economic  impacts  of  these  technologies  on  the  industry  must  be  known.  The  best  avail- 
able technology  (BAT)  economically  achievable  (EA)  for  the  industry  can  then  be  de- 
termined, and  will  form  the  basis  for  setting  effluent  limits. 

To  this  end,  the  MOE  called  for  a  two  phase  study  to  develop  an  inventory  of  BAT 
applicable  to  plants  in  the  Ontario  Inorganic  Chemical  Sector  (ICS),  as  follows: 

•  Global  Study  -  Development  of  an  inventory  of  BAT  applicable  to  the 
Ontario  ICS  plants,  through  a  search  carried  out  in  Canada,  U.S.,  Europe 
and  elsewhere. 

•  Ontario  Study  -  Evaluation  of  predicted  performance  and  estimated  costs 
of  the  recommended  BAT  options  if  installed  at  each  Ontario  ICS  plant. 

This  report  presents  the  results  of  the  Ontario  Study. 

ONTARIO  INORGANIC  CHEMICAL  SECTOR  OVERVIEW 

There  are  27  pleints  in  the  Ontario  ICS,  ranging  from  small  single  product  operations  to 
large  multi-product  facilities.  With  few  exceptions,  each  plant  is  unique  in  terms  of 
size,  products  manufactured  and  wastewater  generation  and  management.  The  follow- 
ing broad  categories  represent  the  range  of  plants  included  in  the  group: 

•  Industrial  gas  (6  plants) 

•  Abrasives  (4  plants) 
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Nitrogen  fertilizers  and  nitrogen  products  (4  plants) 

Carbon  black  (2  plants) 

Phosphate  products  (2  plant) 

Soda  ash  (1  plant) 

Hydrofluoric  acid  and  chlorofluorocarbons  (1  plant) 

Aluminum  chloride  (1  plant) 

Chlor-alkali  (1  plant) 

Mineral  wool  insulation  (1  plant) 

Carbon  and  graphite  electrodes  (1  plant) 

Industrial  liquid  and  gas  packaging  (2  plants) 

Explosives  (1  plant). 

Wastewater  generated  within  the  industry,  by  virtue  of  the  products  manufactured, 
contains  a  number  of  conventional  and  priority  pollutants.  Conventional  pollutants 
found  include  suspended  sohds,  acids,  bases,  chlorides,  phosphorus,  fluoride  and  nitro- 
gen compounds.  Priority  pollutants  include  heavy  metals  as  well  as  organic 
contaminants.  Industry  effluent  flows  range  from  less  than  25  uP/d  to  greater  than 
250,000  m^/d. 

Physical  chemical  treatment  processes  as  well  as  in-plant  wastewater  management 
measures  are  currently  used  in  the  Sector  to  reduce  contaminant  loadings  to  receiving 
waters.  Currently,  some  plants  do  not  provide  treatment,  while  others  provide  varying 
levels  of  treatment.  Since  effluent  quality  varies  widely  between  plants,  so  does  the 
range  of  applicable  treatment. 

The  majority  of  the  ICS  plants  are  located  in  two  general  regions  of  Ontario:  the 
Niagara  Peninsula  and  south  western  Ontario  (Samia  area).  However,  there  are  a  few 
plants  outside  of  these  areas,  in  Sault  Ste.  Marie,  North  Bay,  Cornwall  and  Ehnira. 


STUDY  DESCRIPTIGN  AND  OBJECTIVES 

The  primary  purposes  of  the  Ontario  study  was  to  identify  BAT  Options  for  each  of  the 
Inorganic  Chemical  Sector  plants  based  on  information  provided  in  the  Global  Study 
and  to  predict  the  performance  and  estimate  the  costs  of  each  BAT  Options,  if  they 
were  implemented  at  each  Ontario  Inorganic  Chemical  Sector  Plant. 

The  specific  objectives  of  the  study  were: 

1.  To  review  the  current  status  of  the  ICS  plants  with  respect  to  effluent  treatment, 
best  management  practices,  in-plant  controls  and  stormwater  management. 

2.  To  recommend,  where  possible,  up  to  five  options  for  BAT  for  each  Ontario 
ICS  plant  based  on  information  gathered  in  the  Global  study  and  selected  accor- 
ding to  the  following  criteria: 
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•  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 
trout  and  Daphnia  magna. 

•  The  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable 
facilities  in  the  U.S. 

•  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 
Ontario. 

•  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 
pollution  reduction. 

•  A  BAT  option  consisting  of  any  current  technology  or  combination 
of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

3.  To  calculate  the  probable  performance,  including  variability,  of  each  of  the 
recommended  BAT  Options  if  installed  in  the  ICS  plants. 

4.  To  provide  order-of-magnitude  costs  for  BAT  Options  judged  likely  to  provide 
improved  performance  if  installed  at  each  of  the  ICS  plants. 

5.  Where  possible,  to  simplify  the  above  by  grouping  plants  to  which  similar  tech- 
nologies will  apply. 


CONTENTS  OF  REPORT 

Section  2  of  the  report  presents  the  methodologies  used  in  the  Ontario  study  and  docu- 
ments information  sources.  Information  requested  at  the  plant  site  visit  is  described. 
The  rationale  used  in  developing  BAT  Options  for  each  plant  is  described  as  well  as 
methods  for  assessing  the  performance  and  cost  of  each  BAT  Option  at  each  site. 

Section  3  presents  an  overview  of  Inorganic  Chemical  Sector  plants,  which  includes 
products,  manufactured  and  wastewater  management  In  Section  4,  summary  tables 
presenting  BAT  Options  and  associated  costs  and  performance  are  presented  for  each 
plant. 
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Section  2 
STUDY  METHODS 


2.1  SITE  VISITS  AND  REPORTING 

In  order  to  review  and  dooiment  the  current  statxis  of  the  ICS  plants  with  respect  to 
effluent  treatment,  best  management  practices,  in-plant  controls  and  storm  water  man- 
agement, several  tasks  were  undertaken.  These  included: 

•  Review  of  background  materials. 

•  Site  visits. 

•  Preparation  of  site  visit  reports. 

Each  activity  is  discussed  in  the  following  sub-sections. 


2.2  REVIEW  OF  BACKGROUND  MATERIAL 

The  purposes  for  the  review  of  background  materials  for  each  of  the  27  plants  in  the 
sector  were  as  follows: 

•  To  enable  study  engineers  to  become  familiar  with  the  plants  prior  to  the 
site  visit. 

•  To  develop  a  list  of  additional  information  to  be  obtained  during  the  site 
visit. 

•  To  establish  the  current  status  of  wastewater  management  and  treatment 
at  each  of  the  plants. 

Information  available  for  review  on  each  plant  was  contained  in  files  held  by  the 
Ontario  Ministry  of  the  Environment  MISA  Office.  These  were  examined  by  CH2M 
HILL  engineers  who  were  to  conduct  the  site  visit  at  each  specific  plant.  Initial 
Reports  filed  by  each  plant  during  the  development  of  the  MISA  monitoring  regula- 
tions provided  background  information  on: 

Plant  site  layout 

Production  processes  and  process  flow  diagrams 

Raw  materials  and  products 

General  usage  materials 

Water  conditioning  chemicals 

Wastewater  sources 

Effluent  treatment  systems 

MISA  sampling  locations. 
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The  completeness  of  these  reports  varied  considerably  from  plant  to  plant. 

From  the  initial  information  review,  a  list  of  information  requirements  was  developed 
and  sent  in  a  letter  to  each  plant  representative.  These  letters  also  confirmed  the  date 
and  time  of  the  site  visit. 


2.3  SITE  VISIT 

The  specific  objectives  of  the  site  visits  were  to: 

•  Confirm  that  the  information  received  in  the  Ministry's  information  pack- 
ages was  current  and  complete,  and  to  update  or  include  any  or  missing 
information. 

•  To  identify  potential  factors  that  would  need  to  be  considered  in  the 
implementation  of  the  recommended  BAT  options  at  the  plant.  These 
could  include  land  area  requirements,  piping  layouts,  modifications  for 
retrofitting,  process  shut  downs  during  implementation,  geotechnical 
conditions,  labour  and  energy  requirements,  and  opportunities  and  costs 
of  disposing  of  wastewater  treatment  residuals. 

Site  visits  were  conducted  on  the  dates  presented  in  Table  2.1  for  each  plant  in  the 
Ontario  ICS.  A  representative  of  the  Ministry  of  Envirorunent  participated  in  each  site 
visit,  with  the  exception  of  the  site  visit  at  Linde  (Sault  Ste.  Marie).  In  some  instances, 
information  requests  made  at  the  time  of  the  site  visit  required  follow-up  over  the 
phone  to  complete  data  gathering. 

Generally,  site  visits  took  less  than  one  day,  although  at  some  of  the  more  complex 
plants,  visits  extended  to  two  days.  All  visits  except  one  were  carried  out  in  the  period 
of  March  and  April  1991. 

Onsite  activities  that  were  carried  out  by  the  project  engineer  with  the  co-operation  of 
the  plant  contact  person  included: 

•  A  tour  of  the  plant 

•  Examination  of  floor  plans,  piping  layouts,  etc.  of  the  plant,  if  available. 

•  Examination  of  in-plant  records,  including  in-house  operation  and  per- 
formance monitoring,  waste  disposal  records,  etc. 

•  Review  of  drawings  and  design  stmmiaries  for  wastewater  treatment  pro- 
cesses and  wastewater  control  technologies. 


2-2 

TOR/INORG3/940J1 


Review  of  other  waste  or  wastewater  control  documentation,  e.g.  best 
management  practice  plans,  operators  manual,  training  records,  etc. 

Interviews  with  plant  contacts  and  appropriate  plant  personnel. 


2.4  SITE  VISIT  REPORT 

The  information  gathered  from  the  Ministry  files  and  the  site  visits  was  compiled  into 
an  individual  site  visit  report  for  each  plant  The  report  was  organized  to  present  infor- 
mation relevant  to  the  selection  and  costing  of  BAT  Options. 

A  standardized  site  visit  report  format  was  used  which  is  shown  in  Table  2.2.  This 
provided  a  consistent  presentation  of  plant  information,  and  ensured  a  comprehensive 
report  was  prepared  to  cover  all  of  the  following  areas: 

General  plant  description. 

Manufacturing  process  description. 

Water  use  and  treatment. 

Wastewater  and  storm  water  sources. 

Pollution  prevention. 

In-plant  and  end-of-pipe  treatment. 

Effluent  monitoring. 

Best  management  practices. 

Each  draft  site  visit  report  was  submitted  to  the  respective  plant  for  review  of  accuracy 
of  information.   Comments  provided  by  industry  were  incorporated  into  final  reports. 


2.5  SELECTION  OF  BAT  OPTIONS  FOR  THE  ONTARIO  INORGANIC 

CHEMICAL  SECTOR 

In  accordance  with  the  study  requirements,  five  BAT  Options  were  identified  for  the 
management  of  wastewater,  excluding  storm  water  runoff,  discharged  from  plants  in  the 
sector.  These  options  were: 

Option  1:       -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2:       -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3:       -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 
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Option  4:        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5:       -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

In  the  Global  study,  information  on  technologies  used  in  the  inorganic  chemical  manu- 
facturing industry  world-wide  was  compiled.  This  information  was  used  to  identify 
wastewater  management  technologies  applicable  to  each  of  the  27  Ontario  plants  for 
each  of  the  five  BAT  Options.  In  addition,  the  Global  study  provided  information  on 
technologies  applicable  to  reducing  the  levels  of  specific  wastewater  pollutants  in  indus- 
trial wastewaters.  These  technologies  were  included  in  the  Global  Study  because  of 
their  demonstrated  effectiveness  in  reducing  contaminant  discharges  at  other  industries, 
with  similar  wastewater  quality  to  plants  in  the  Ontario  Sector. 

The  discussion  below  present  the  rationale  for  selection  of  technologies  applicable  to 
each  Inorganic  Chemical  Sector  Plant,  from  the  inventory  of  technology  information 
provided  in  the  Global  Study. 

It  is  important  to  note  that  the  treatment  technologies  included  in  the  recommended 
BAT  options  are  not  necessarily  the  required  technologies  to  be  installed  since  the 
same  level  of  treatment  may  also  be  achieved  by  the  use  of  in-plant  controls,  pollution 
prevention  measures  or  other  technologies.  "Die  technologies  quoted  are  used  as  a 
"model"  for  estimating  treatment  performance  and  costs  and  are  not  necessarily 
intended  to  be  a  list  of  suitable  technologies  for  meeting  specified  effluent  limits. 

In  many  cases,  technology  selection  was  based  not  only  on  the  manufacttiring  processes 
and  existing  wastewater  management  at  the  Ontario  plant,  but  also  on  the  quality  of 
wastewater  effluents.  This  quality  was  defined  in  terms  of  "Priority  1"  pollutants,  estab- 
lished by  the  Ministry  from  data  collected  during  the  12-month  MISA  Monitoring  Reg- 
ulation period  at  effluent  monitoring  stations  at  each  plant.  Furthermore,  toxicity  test- 
ing results  from  the  first  six  months  of  MISA  monitoring  were  utilized  to  define  the 
toxicity  of  effluents  at  each  plant. 

Summaries  of  the  twelve  month  monitoring  database  used  in  assessing  performance 
improvements  for  the  BAT  options  are  shown  in  the  Appendixes  of  each  BAT  Option 
report  contained  in  Volume  2.  Also  included  are  a  final  set  of  tables  showing  the 
finalized  twelve  month  monitoring  database.  There  may  be  minor  discrepancies 
between  the  two  sets  of  tables,  however,  these  discrepancies  do  not  have  an  impact  on 
the  report  recommendations. 
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2J.1  BAT  Option  1 

The  criterion  on  which  the  selection  of  technologies  for  BAT  Option  1  was  based  on 
the  achievement  of  non-lethality  of  effluents.  Lethality  was  defined  by  results  of  acute 
lethality  tests  on  rainbow  trout  and  Daphnia  magna,  carried  out  on  full  strength 
wastewater  samples  according  to  published  protocols.  Other  toxic  and  sub-lethal  effects 
were  not  considered  in  the  definition  of  non-lethality. 

Assessments  of  toxicity  results  in  this  report  were  generally  based  on  the  first  six 
months  of  the  monitoring  period.  Toxicity  results  for  the  second  six  months  will  be 
assessed  independently  by  the  Ministry.  Depending  on  these  second  set  of  results  how- 
ever, some  sites  may  be  re-designated  as  having  a  lethal  effect,  despite  non-lethal  des- 
ignations in  this  report. 

Where  the  majority  of  acute  toxicity  test  samples  from  the  first  six-months  of  MISA 
monitoring  achieved  non-lethal  results,  technologies  beyond  the  existing  wastewater 
management  system  were  not  recommended. 

Several  plants  generated  wastewaters  over  the  MISA  Monitoring  period  that  produced 
lethality  to  test  organisms.  Information  on  the  cause  of  the  toxicity  was  not  available. 
Therefore,  MISA  monitoring  data  was  reviewed  to  identify  target  contaminants  poten- 
tially contributing  to  toxicity.  A  minimum  level  of  technology  implementation  was  then 
recommended  under  BAT  Option  1  to  produce  non-lethal  levels  of  the  target 
contaminants.  This  method  did  not  allow  identification  of  the  synergistic  toxic  effects  of 
low  levels  of  several  contaminants,  nor  did  it  include  technologies  to  mitigate  these 
effects. 

Furthermore,  for  effluents  from  a  few  Ontario  plants,  the  cause  of  effluent  lethality 
could  not  be  readily  evaluated  from  the  available  monitoring  data.  In  these  cases,  no 
technology  recommendation  was  provided  and  BAT  Option  1  included  the  recom- 
mendation to  conduct  a  Toxicity  Identification  and  Reduction  Study. 

It  is  important  to  note  that  despite  some  overall  generalizations  that  may  have  been 
made  in  assessing  toxicity  data,  the  Ministry's  position  is  that  a  Toxicity  Investigation 
Evaluation  will  be  recommended  for  effluent  streams  where  at  least  one  toxicity  test 
failure  has  been  recorded  based  on  the  full  twelve  month  database. 


2.S2  BAT  Option  2 

In  the  1970s,  the  U.S.  Environmental  Protection  Agency  (EPA)  conducted  a  detailed 
review  of  technologies  used  for  wastewater  management  in  several  categories  of  the 
U.S.  inorganic  chemical  manufacturing  industry.  From  this  information,  best  practi- 
cable technologies  (BPT)  and  best  available  technologies  (BAT)  were  recommended 
for  each  manufacturing  category.  BPT  addressed  the  control  of  conventional 
contaminant  discharges,  where  as  BAT  incorporated  a  higher  level  of  technology  aimed 
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at  controlling  persistent  toxic  contaminants.  U.S.  Federal  Regulations,  promulgated  in 
1980s  and  limiting  discharges  of  target  contaminants  from  certain  categories,  were  de- 
veloped based  on  reported  achievable  concentrations  with  BAT.  Several  parts  of  the 
U.S.  Federal  Register,  July  1,  1989  Edition,  contain  these  effluent  limits. 

In  order  to  identify  BAT  Option  2  technologies  for  Ontario  Inorganic  Chemical  Sector 
plants,  wastewater  control  methods,  in  terras  of  both  technologies  and  achievable  efflu- 
ent quality  were  compared  to  those  defined  by  the  U.S.  EPA.  If  effluent  quality  at  the 
Ontario  plant  met  U.S.  effluent  limits  defined  in  the  regulation,  then  more  advanced 
technologies  were  not  recommended.  Where  the  Ontario  plant  did  not  achieve  U.S. 
limits,  technologies  were  recommended  so  that  the  Ontario  plant  would  achieve  these 
limits.  Technologies  included  in  BAT  Option  2  were  not  necessarily  those  defined  as 
U.S.  BAT.  In  some  cases,  less  expensive  alternatives  appropriate  to  the  specific  plant, 
which  would  achieve  U.S.  effluent  limit  levels  or  better,  were  recommended. 

For  several  manufacturing  categories  included  in  the  Ontario  Inorganic  Chemical  Sec- 
tor, U.S.  BAT  was  not  defined.  In  this  case,  recommendations  were  not  made  for  BAT 
Option  2. 


2.53  BAT  Option  3 

BAT  Option  3  for  each  plant  included  technologies  that  represent  the  best  demon- 
strated wastewater  control  for  comparable  facilities  in  Ontario.  Because  of  the  diversity 
of  manufacturing  operations  within  the  Inorganic  Chemical  Sector,  14  of  the  27  plants 
were  considered  the  best,  by  virtue  of  the  fact  that  they  were  the  only  plant  of  their 
kind  in  the  Province. 

For  the  remaining  plants,  groups  producing  the  same  products  were  examined  with 
respect  to  wastewater  management.  Where  applicable,  the  best  demonstrated  technol- 
ogies represented  in  a  group  were  applied  to  other  plants  in  the  group. 


2.5.4  BAT  Option  4 

BAT  Option  4  recommended  for  each  plant  included  a  combination  of  demonstrated, 
applicable  industrial  wastewater  management  technologies  identified  in  the  Global 
Study,  that  would  provide  maximum  reduction  of  all  'Priority  1"  parameters. 

A  pollution  prevention  approach,  through  process  materials  substitution  or  elimination, 
process  change  and  management  practices  for  pollution  control  was  given  first  priority 
in  the  development  of  recommendations.  Where  practical  pollution  prevention 
measures  were  unavailable,  recommendations  included  in-plant  and  end-of-pipe  treat- 
ment technologies. 
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2.5.5  BAT  Option  5 

BAT  Option  5  recommendations  were  developed  to  bring  thé  plant  furthest  toward 
zero  discharge  of  contaminants.  Since  BAT  Option  4  maximizes  contaminant  removal, 
BAT  Option  5  includes  reduction,  reuse  and  recycling  of  process  wastewater  to  move 
further  toward  zero  discharge. 


2.6  ESTIMATING  COSTS  AND  PERFORMANCE  OF  BAT  OPTIONS 

The  primary  objective  of  the  Ontario  study  was  to  estimate  capital  and  operating  costs, 
and  project  performance  that  would  result  if  each  of  the  five  BAT  Options  were  imple- 
mented at  the  27  Ontario  Inorganic  Chemical  Sector  plants. 

The  following  sub-sections  present  the  general  methodologies  used  to  calculate  costs 
and  performance  estimates.  Table  2.3  presents  an  outline  of  the  individual  plant 
reports  prepared  to  present  the  BAT  Options,  and  their  associated  cost  and  perform- 
ance impacts. 


2.6.1  Cost  Estimates 

Cost  estimates  were  developed  for  the  application  of  recommended  BAT  Options  using 
information  primarily  from  the  Global  Study,  which  summarized  capital  and  operating 
costs  from  the  following  sources: 

•  Specific  projects  carried  out  by  plants  in  U.S.  and  Canada,  visited  or 
contacted  as  part  of  the  Global  Study. 

•  Information  provided  by  certain  Ontario  Inorganic  Chemical  Sector 
plants  on  technologies  being  considered  for  implementation. 

•  Budget  cost  estimates  provided  by  the  suppliers  of  wastewater  treatment 
technologies  and  chemicals,  and  waste  haulers. 

•  Cost  information  from  the  literature,  including  cost  curves. 

•  In-house  information  from  the  inventory  of  wastewater  treatment  projects 
designed  and  implemented  by  CH2M  HILL  in  Canada  and  the  U.S. 

Capital  costs  developed  for  the  Global  study  included  allowances  for  installation,  engi- 
neering, contingency  and  the  Good  and  Services  Tax  (G.S.T.).  AU  costs  were  indexed 
to  the  Engineering  News  Record  Construction  Cost  Index  of  6343. 
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Several  factors  were  considered  when  costs  presented  in  the  Global  Study  were  trans- 
lated for  calctilating  the  costs  of  implementing  the  technology  at  the  Ontario  plant. 
These  factors  generally  focused  on  any  outstanding  feattu^es  at  the  plant  that  would 
affect  the  cost  of  implementation  such  as: 

•  Land  area  availability. 

•  Existing  equipment  that  could  be  used  in  the  application. 

•  Additional  piping  and  pumping  station  requirements. 

•  Other  site  specific  features. 

Capital  and  operating  costs  provided  in  the  Global  study  were  not  necessarily  for  tech- 
nologies of  similar  size  to  the  Ontario  plant  for  which  it  was  recommended.  In  some 
cases,  scaling  factors  were  available.  Where  unavailable,  in-house  information  on 
appropriate  factors  to  scale  costs  were  used. 

Despite  site  specific  requirements,  detailed  design  and  cost  estimates,  and  operating 
requirements  could  not  be  established  within  the  scope  of  the  study.  Therefore,  cost 
estimates  for  BAT  Options  should  be  considered  order-of-magnitude. 


2.6.2  Projected  Performance 

The  projected  performance  that  would  result  with  the  implementation  of  BAT  Options 
was  calculated  for  each  plant  based  on  information  fi^om  the  following  sources: 

•  Reported  performances  achievable  for  technologies  summarized  in  the 
Global  study. 

•  Performance  estimates  based  on  fundamental  principals. 

A  nimiber  of  assumptions  were  made  to  estimate  probable  performance  that  would  be 
achieved  with  the  implementation  of  BAT  Options.  These  assimiptions  are  docu- 
mented in  the  BAT  Option  reports  for  each  plant. 
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Table  2.1 
Ontario  ICS  Plants  Site  Visit  Dates 

Plant 

Date 

Albright  and  Wilson  Americas 

March  18,  1991 

Allied  Chemicals  Canada 

April  15,  1991 

Cabot  Canada  Limited 

March  19,  1991 

Columbian  Chemicals  Canada  Limited 

March  18,  1991 

Conpak 

April  25,  1991 

Cyanamid  Canada  Inc,  Niagara  Plant 

March  26,  1991 

Cyanamid  Canada  Inc.,  Welland  Plant 

March  27,  1991 

Exolon  ESK  Company  of  Canada  Limited 

March  22,  1991 

Explosives  Technologies  International 

April  2,  1991 

General  Chemical  Canada  Limited 

April  18,  1991 

ICI  Canada  Inc.,  Cornwall  Works 

April  23,  1991 

ICI  Canada  Inc.,  Nitrogen  Products,  Lambton  Works 

April  11,  1991 

International  Minerais  and  Chemical  Corporation  (Canada)  Limited 

March  21,  1991 

Linde  (Division  of  Union  Carbide  Canada  Limited,  Moore  Township  Plant 

March  20,  1991 

Linde  (Division  of  Union  Carbide  Canada  Limited,  Samia  Plant 

March  21,  1991 

Linde  (Division  of  Union  Carbide  Canada  Limited,  Sault  Ste.  Marie  Plant 

April  1,  1991 

Liquid  Carbonic  Inc.,  Courtright 

March  29,  1991 

Liquid  Carbonic  Inc.,  Maitland 

April  25,  1991 

Nitrochem  Inc 

May  2  and  3,  1991 

Norton  Advanced  Ceramics  of  Canada  Inc 

March  21,  1991 

Partek  Insulations  Limited 

March  19,  1991 

Puritan-Bennett  Corporation 

April  25,  1991 

Sulco  Chemicals  Limited 

March  19,  1991 

UCAR  Carbon  Canada  Inc 

March  27,  1991 

Washington  Mills  Elertro  Minerals  Corporation 

March  25,  1991 

Washington  Mills  Limited 

March  25,  1991 

Welland  Chemical  Limited 

March  18,  1991 
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Table  IJ. 
Outline  of  Site  Visit  Reports 


1.0     PLANT  SITE 

*      CoDiact  name,  plant  address,  tdepbone  and  tacumile  oumbcn  and  date  of  site  visit  are  provided. 


2.0     PLANT  DESCRIPTION 

•  Plant  size  in  terms  of  niunber  of  employees,  amount  of  production  or  other  data. 

•  Brief  description  of  water  and  wastewater  management  at  tlie  site,  including  listing  of  MISA  Control  Points. 


3.0     PRODUCT/PROCESS  DESCRIPTION 

•      Detailed  description  of  products  and  production  processes,  especially  for  those  processes  produang  wastcwaccr. 


4.0     LIST  OF  CHEMICALS 

•      Changes  to  list  submitted  with  MISA  Initial  Report  noted. 


5.0     WATER  MANAGEMENT 
5.1  Water  Supply 

•  Source  and  Qow  rate  of  water  to  plant  is  described. 

•  Chlorination  or  other  intake  water  treatment  is  noted. 

5  J  Sources  of  Wastewater 

•  Sources  of  all  tyjses  of  wastewater  are  described,  along  with  corresponding  MISA  Control  Point  number. 
5  J  Sewer  Segregatk» 

•  The  enent  of  segregation  of  process,  cooling  and  storm  water  Oows  is  described. 

5.4  CooUng  Methods 

•  Cooling  water  uses  are  identified  as  contact  or  non-cootaa  and  as  once  through  or  reorrulaied  through  the  use  of 
cooling  towers. 

5.5  Polhitioa  Prerentioa 

•  Examples  of  pollution  prevention  already  in  use  at  the  plant  are  described,  such  as: 

-  changes  in  production  processes, 

-  cfaemicai  substitution, 

-  in-plant  controls, 

-  best  management  practices, 

-  water  conservation  through  reduction,  retise  or  recycle. 


6.0     WASTEWATERTREATMENT 

•  Wastewater  treatment  at  the  site  b  described. 

•  Influent/effluent  performance  data  and  capital  and  operating  costs  for  treatment  units  are  documented  when  the  com- 
pany provided  such  information. 


7.0     MONITORING  DATA 
7.1  CiuTeot  Monitoring 

•  The  contaminants  and  âequency  of  cuiient  monitoring  are  documented. 
7  J  MISA  Monitoring 

•  Readers  are  referred  to  the  MISA  Monitoring  Reports  for  data  collected  during  the  monitoring  regulation. 
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Table  2^ 
Outline  of  Site  Visit  Reports 


8.0     BEST  MANAGEMENTPRACTICES 

•      Best  managefflent  practices  for  the  prevention  of  storm  water  contamination  are  described,  including  any  documented 
training,  prevention  and  dean-up  procedures. 


9.0     CONCLUSIONS 

9.1  FoOow-op  Informatioa 

•  Any  outstanding  information  requesis  are  noted. 

9.2  Site  ObserratÙMis 

•  Any  additional  information  available  on  the  site  is  provided,  including  land  area  available  and  suitability  of  soils  for 
construction,  as  well  as  size,  length  and  slope  of  easting  outfalls. 

9  J  Fotiire  Projects 

•  Any  future  projects  related  to  or  affecting  wastewater  management  arc  noted. 


10.0   SITE  VISIT  TEAM 


Table  2.3 
Outline  of  BAT  Option  Reports 


1.0     PLANT  DESCRIPTION 

•      Brief  description  of  products,  processes  and  water  and  wastewater  management. 


2.0     WASTEWATERSOURCES  AND  QUALITY 

•  Brief  description  of  wastewater  sources,  including  description  of  MISA  Control  Points. 

•  Summary  of  MISA  data  on  flow,  quality  and  loadings  developed  and  presented  in  tables  in  the  Appendix.  Storm 
outfalls  not  included. 


3.0     RATIONALEFOR  SELECTION  OF  BAT  OPTIONS 

•  BAT  Options  defined.    . 

•  E)etailed  discussion  of  the  rationale  used  in  selecting  BAT  Options. 

•  Toxicity  data  summarized  in  table  in  Appendix. 

•  Summary  table  of  BAT  Options. 


4.0     BAT  OPTIONS 

•      Detailed  description  of  technology,  performance  and  costs  of  each  BAT  and  BAT  Option. 


5.0     SUMMARY  OF  COST  AND  PERFORMANCE  OF  BAT  OPTIONS 

•      Summary  table. 


6.0     REFERENCES 
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Section  3 
SITE  VISIT  REPORTS 


Site  Visit  Reports  for  each  of  the  27  Ontario  ICS  plants  are  available  from  the  Ontario 
Ministry  of  the  Environment  MISA  OfBce. 

Table  3.1  highlights  pertinant  information  on  each  plant  that  influenced  the  selection  of 
BAT  Options. 
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Section  4 
BAT  OFnON  REPORTS 


Final  BAT  Option  reports,  are  provided  for  the  27  Ontario  ICS  plants  in  the 
Appendixes  1  to  27,  These  reports  present  BAT  options  and  their  associated  costs  and 
performance  recommended  for  each  plant 

Tables  4.1  provides  a  general  overview  of  the  types  of  BAT  options  recommended  for 
the  Ontario  plants. 
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Table  4.1 

Summary  of  BAT  Options  Recommended  for 

Ontario  Inorganic  Chemical  Sector  Plants 

Category 

Plant 

BAT  Option 

1 

BAT  Option 

2 

BAT  Option 
3 

BAT  Option 

4 

BATOpdon 

5 

Abrasives 

ExoloD  ESK 

No  change 

Not  defined 

No  change 

MP 

BAT  OpuoQ 

4 

Norton 

No  change 

Not  defined 

No  change 

MP 

MP 

Recycle'^ 

Washington  Mills 
Electro  Minerals 
Corp. 

No  change 

Not  defined 

No  change 

MP 

MP 
Recycle 

Washington  Mills 

No  change 

Not  defined 

No  change 

MP 

Alieroate 

water 

source* 

BAT  Option 

4 

Alum  in  am 
Chloride 

Welland  Chemical 

In-plani 
End-of-pipe 

No  change 

No  change 

MP 

In-plani 
End-of-pipe 

MP 

In-plant 

End-of-pipe 

Reuse 

CariMD 
Black 

Cabot  Canada 

No  change 

Not 
identified 

No  change 

SICS 

SICS 

BAT  Option 

-> 

Columbian  Chemicals 

No  change 

No  change 

No  change 

No  change 

No  change 

Carbon 
Dioxide 

Union  Cailjide  Linde 
Moore 

No  change^ 

No  change 

No  change 

No  change 

No  change 

Union  Carbide  Linde 
Samia 

TRS^ 

Mp3 

No  change 

No  change 

No  change 

Union  Carbide  Linde 
Sault  Ste.  Marie 

No  change 

No  change 

No  change 

No  change 

No  change 

Caibon 
graph]  le 

UCAR  Carbon 
Canada  Inc. 

No  change 

Not  defined 

No  change 

No  change 

No  change 

Chlor-alkaii 

ICI  Forest  Products 

No  change 

End-of-pipc 

No  change 

MP 

End-of-pipe 

Reuse 

MP  Process 
charge 
End-of-pipc 
Reuse 

Cyanamide 
prodocts 

Cyanamid,  Niagara 
Falls 

No  change 

Not  defined 

No  change 

sicsio 

BAT  Opuon 

4 

Cyanamid,  Welland 

In-plant 

EndHDf-pipe 

TRS 

Not  defined 

No  change 

MP 

In-plant 

End-of-pipc 

BAT  Option 

4 

Explosives 

ETl 

No  change 

No  change 

No  change 

In-plant 

In-plant 

Fibre 
Insolation 

Panek 

Reuse^l 

No  change 

No  change 

No  change 

Reuse 

HF/CFC 

Allied  Chemicals 

Not  identified 

End-of-pipe 

No  change 

In-plant 
End-of-pipe 

In-plant 

End-of-pipe 

Recycle 
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Table  4.1 

Summary  of  BAT  Options  Recommended  for 

Ontario  Inorganic  Chemical  Sector  Plants 

Calegoiy 

Plant 

BAT  Option 

L 

BAT  Option 

2 

BAT  Option 
3 

BAT  Option 

4 

BAT  Option 

S 

HF/CFC 

Allied  Chemicals 

Not  identified 

End-of-pipe 

No  change 

In-plant 
End-of-pipe 

In-plant 

End-of-pipe 

Recycle 

Nitrogen 
fertilizer 

ICI  Nitrogen 
Products 

No  change 

In-plant 

No  change 

In-plant^ 
MP 

BAT  Option 

4 

Nitrochcm 

In-plant 
End-of-pipe 

In-plant 
End-of-pipe 

No  change 

MP 

In-plant 
End-of-pipe 

BAT  Option 
4 

Nitrogen 

gas 

Liquid  Cartwnic, 
Counnght 

No  change 

Not  defined"* 

No  change 

No  change 

No  change 

Liquid  Carbondic, 
Maitland 

No  change 

Not  defined 

No  change 

No  change 

No  change 

Nitrons 
Oxide 

Puritan  Bennett 

End-of-pipe 

Not  defined 

No  change 

End-of-pipe^ 
MP 

BAT  Option 
46 

Phosphorus 
products 

Albright  and  Wilsons 

End-of-pipe 

Not  defined 

No  change 

No  change 

No  change 

IMC 

TRS 

No  change 

No  change 

No  change 

No  change 

Packaging 
plants 

Conpack,  ICI 

End-of-pipe 

Not  defined 

End-of-pipe 

MP 
End-of-pipe 

BAT  Option 
4 

Suico  Chemicals 

No  change 

No  change 

No  change 

SICS 

End-of-pipe 

BAT  Option 

4 

Soda  ash 

General  Chemical 

End-of-pipe 
Reuse 

Not  defined 

No  change 

MP 

In-plant 
End-of-pipe 
Reuse 

BAT  Option 
4 

Notes: 

1.  No  change  -  No  change  to  the  existing  wastewater  management  system. 

2.  TRS  -  The  source  of  toxicity  was  not  identified.  Therefore,  a  toacity  reduction  study  was  recommended. 
3-              MP  -  Management  practices  for  control  of  the  discharge  of  target  contaminants  were  recommended. 

4.  Not  defined  -  A  BAT  Option  could  not  be  defined  because  there  is  no  U.S.  BAT. 

5.  End-of-pipe  -  End-of-pipe  wastewater  treatment. 

6.  BAT  Option  4  -  BAT  Option  5  includes  the  same  recommendations  as  BAT  Option  4. 

7.  Recycle  -  Recycle  of  wastewater. 

8.  Alternate  water  source  -  Alternate  raw  water  supply  source. 

9.  In-plant  -  In-plant  process  changes  or  treatment. 

10.  Reuse  -  Reuse  of  treated  effluent  in  plant. 

11.  SICS  -  The  source  of  contamination  could  not  be  identified.  Therefore  a  source  identification  and  control  study 
was  recommended. 

12.  No  identified  -  There  was  insufficient  information  available  to  identify  the  BAT  Option. 
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APPENDIX  1 
Albright  &  Wilsons  Americas 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

ALBRIGHT  AND  WILSONS  AMERICAS 


1.0  PLANT  DESCRIPTION 

The  Albright  and  Wilson  Americas  plant  on  Grand  River  at  Lake  Erie,  produces  phos- 
phoric acid,  in  a  dry  furnace  process,  which  is  reacted  with  sodium  and  potassium  salts 
to  produce  various  industrial  and  food  grade  products.  Raw  water  from  Lake  Erie  that 
has  been  screened  and  chlorinated  is  used  as  once  through  cooling  water,  for  cooling 
tower  make-up,  water  softener  backwash  and  ion  exchanger  regeneration.  This  water 
is  softened  for  use  as  boiler  make-up  water,  and  deionized  for  use  in  the  phosphoric 
acid  product.  Details  on  the  plant,  processes  and  wastewater  generation  are  provided 
in  the  site  visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

Wastewater  generated  within  the  plant,  including  cooling  tower  blowdown,  wash  water, 
product  spills,  spent  anion  exchanger  régénérant,  as  well  as  storm  water  from  plant 
production  areas,  are  all  recycled  back  into  the  process  as  scrubber  liquor  and  in  the 
production  of  sodium  phosphate  products  through  a  lined  lagoon  collection  system. 
None  of  these  wastewaters  are  discharged  from  the  site. 

The  only  discharges  from  the  production  area  include  those  which  are  not  directly 
process  related  and  include  once  through  cooling  water,  water  softener  backwash  water 
and  boiler  blowdown.  This  combined  effluent  was  measured  during  the  MISA  Regula- 
tion Monitoring  Period  at  Control  Point  COOIOO. 

Two  other  Control  Points,  ST0200  and  ST0300,  monitored  surface  runoff  from  non- 
production  areas  of  the  plant  site.  The  plant  also  monitored  intake  water  at  IN0400 
after  the  point  of  chlorination. 

2.2  Wastewater  Flows  and  Quality 

Table  Al  in  the  Appendix  presents  the  average,  maximtmi  and  minium  flow  and  con- 
centration data  for  those  contaminants  defined  by  the  Ministry  of  the  Enviroimient  as 
"Priority  1"  for  the  MISA  Control  Point  COOIOO  at  Albright  and  Wilson  Americas. 
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Raw  water  quality  measured  during  the  MISA  monitoring  period  at  Control  Point 
IN0400  is  presented  in  Table  A2. 


3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  five  BAT  options  for  wastewater  manage- 
ment, with  the  exception  of  storm  water  runoff\  were  considered  for  each  Ontario 
Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2        -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5        -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  discussion. 


BAT  Option  I 

Toxicity  data  were  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Monitoring  Regulation  period  by  the  Ministry  of  the  Environment.  Tests  on  rainbow 


Storm  water  runoR  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program 
to  conduct  a  Stonn  Water  Control  Study  at  each  site. 
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trout  and  Daphnia  magna  were  carried  out  on  samples  taken  at  Control  Point  COO  100 
and  IN0400.  These  results  are  presented  in  Table  A3. 

Table  A3  shows  that  most  samples  monitored  at  COOIOO  were  non-lethal  to  both  of  the 
test  species.  However,  lethal  concentrations  of  78  to  >100  percent  were  calculated  for 
a  few  samples  of  both  raw  water  and  effluents.  There  is  insufficient  data  to  establish 
whether  the  effluent  is  more  toxic  to  the  test  species  than  the  raw  water  used  at  the 
plant. 

The  analytical  data  does  not  indicate  the  significant  toxic  levels  of  any  contaminants. 
However,  since  toxicity  was  also  measured  in  intake  water  samples,  and  the  intake 
water  is  of  similar  quality  to  the  effluent,  the  likely  possibility  is  that  residual  chlorine 
has  contributed  to  the  toxic  effects  of  both  intake  water  and  effluent  samples.  Chloro- 
form and  dibromochloromethane,  measured  in  both  intake  water  and  effluent  samples 
are  trihalomethanes  possibly  resulting  from  raw  water  chlorination. 

Based  on  the  contaminant  monitoring  data  and  the  fact  that  toxicity  of  both  raw  water 
and  effluent  samples  was  measured,  chlorine  residual  is  indicated  as  the  likely  cause  of 
toxicity.  Chlorine  dosages  or  residual  monitoring  data  were  unavailable  to  confirm  this 
conclusion. 

To  confirm  residual  chlorine  as  the  cause  of  toxicity,  it  should  be  monitored  in  plant 
effluents.  Based  on  the  available  data,  BAT  Option  1  incorporates  dechlorination  of 
effluents  to  reduce  chlorine  residuals,  thus,  making  them  non-lethal. 


BAT  Option  2 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,  1989  Edition)  Part  18  -  Fertilizer 
Manufacturing  Phosphate  Category,  Part  422  Subpart  C  -  Phosphate  Subcategory,  and 
Subpart  F  -  Sodium  Phosphates  Subcategory,  BAT  limits  were  not  defined  for  the  pro- 
duction of  phosphoric  acid  using  the  dry  furnace  process  or  for  the  production  of 
sodium  or  potassium  phosphates  from  dry  process  phosphoric  acid.  Furthermore,  facil- 
ities were  not  identified  in  the  U.S.  or  elsewhere  that  could  be  considered  as  "sister" 
plants,  with  similar  product  lines  and  production  capacity.  Thus,  a  BAT  Option  2  was 
not  identified. 


BAT  Option  3 

Albright  and  Wilson  is  the  only  plant  of  its  kind  in  Ontario,  and  therefore,  its  existing 
wastewater  management  system  is  considered  to  be  BAT  Option  3. 
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BAT  Option  4 

The  existing  process  at  Albright  and  Wilson  results  in  the  recycle  and  consumption  of 
all  process  wastewater,  including  runoff  from  production  areas.  Therefore,  BAT 
options  that  provide  the  maximum  overall  pollution  reduction,  or  which  advance  the 
plant  towards  zero  discharge,  would  be  considered  only  for  non-process  streams  dis- 
charged, including  once  through  cooling  water,  boiler  blowdown  and  water  softener 
backwash  water. 

Boiler  operations  will  introduce  pollutants  to  the  blowdown  stream  from  system  cor- 
rosion, and  through  the  addition  of  water  treatment  chemicals.  The  available  data 
indicates  that  corrosion  of  the  boiler  is  not  a  problem.  Copper  was  not  a  Priority  1 
pollutant  in  effluents,  and  levels  of  other  metals  were  not  significantly  different  from 
intake  water.  Products  used  at  the  plant  for  controlling  boiler  operations  include  a 
sodium  sulphite  based  oxygen  scavenger  and  a  polymer  based  dispersant.  Neither  com- 
pound contributes  obvious  toxicity  to  the  final  effluent. 

Water  softening  operations  contribute  contaminants  to  backwash  streams  from  the 
softener  régénérant,  sodium  chloride.  Technologies  for  removal  of  sodium  chloride 
fi-om  backwash  water  were  not  identified.  Furthermore,  chloride  levels  in  the  final 
effluent  were  not  significantly  different  than  those  in  intake  water. 

It  is  important  to  note  that  several  contaminants  present  in  water  softener  backwash 
and  boiler  blowdown  streams  are  not  generated  in  the  process.  These  are  present  in 
the  raw  water  and  concentrated  on  the  ion  exchange  surface  in  the  case  of  softening, 
and  through  evaporation,  in  the  case  of  boiler  operations.  These  contaminants,  include 
TDS,  nitrates,  TSS,  metals  (Al,  Sn,  Zn  and  Hg),  phosphorus,  chloride,  fluoride,  and 
sulphate  and  oil  and  grease.  Because  the  concentrated  boiler  and  backwash  streams 
are  diluted  with  once  through  cooling  water  for  final  discharge,  their  concentrations  are 
generally  the  same  as  those  in  intake  water,  as  shown  in  Tables  Al  and  A2. 

Technologies  for  the  removal  of  these  low  levels  of  contaminants  present  in  the  com- 
bined effluent  stream  may  be  available  and  have  been  used  in  specific  non-industrial 
applications  (e.g.  drinking  water  treatment).  However,  an  exhaustive,  global  search 
carried  out  as  part  of  this  study  did  not  identify  practical  applications  of  these  technol- 
ogies to  treating  industrial  wastewater  effluents  with  similar  contaminant  concentrations. 
Thus,  BAT  Option  4  does  not  include  technologies  for  removal  of  these  contaminants. 


BAT  Option  5 

Technologies  that  would  advance  the  plant  further  zero  discharge  by  reducing  or  elim- 
inating non-process  streams  were  not  identified,  since  these  streams  are  invariably  gen- 
erated in  the  process,  and  opportunities  for  reducing  or  eliminating  these  streams  by 
consumption  or  alternative  technologies  do  not  exist  or  are  not  feasible.  With  the  ex- 
ception of  leaks,  opportunities  for  the  introduction  of  contamination  through  once 
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through  cooling  water  operations  do  not  exist.  Chemicals  are  not  added  to  the  stream, 
and  there  is  no  contact  with  materials  at  the  plant.  BAT  for  leak  identification  involves 
routine  monitoring  of  the  cooling  water  stream,  for  contaminants  that  would  indicate 
leaks,  and  this  is  akeady  being  carried  out  at  the  plant  (Ref.  1).  Thus,  technologies 
beyond  the  existing,  for  BAT  Option  5  were  not  identified. 


Summary 

Table  1  summarizes  BAT  options  for  Albright  and  Wilson. 


Table  1 
Summary  of  BAT  Options  for  Albright  and  Wilsons  Americas 

BAT  Option 

DeSnition 

Description 

1 

I  £ast  cost  producing  non-lethal 
effluents 

Dechlorination  of  final  effluent  stream. 

2 

U.S.  BAT 

No  option  defined. 

3 

Best  demonstrated  in  Ontario 

No  change  to  existing  system. 

4 

Maximum  pollutant  reduction 

No  change  to  existing  system. 

5 

Furthest  towards  zero-discharge  of 
pollutants 

No  change  to  existing  system. 

4.0 


BAT  OPTIONS 


BAT  Option  1  is  described  in  the  following  sub-section.  Options  3  to  5  are  the  existing 
system,  and  Option  2  was  not  identified. 


4.1  BAT  Option  1 

Description 

BAT  Option  1  involves  dechlorination  of  the  final  plant  effluent  stream,  monitored  at 
Control  Point  COOIOO. 

Dechlorination,  by  addition  of  sulphite  compounds,  removes  free  chlorine,  monochlora- 
mine,  dichloramine,  nitrogen  trichloride,  and  poly-n-chlor  compounds.  The  system 
includes  a  chemical  storage  tank,  feed  pump,  continuous  dechlorination  analyzer,  dos- 
age controller,  pressure  valves  and  feed  lines.  A  schematic  of  the  system  is  shown  in 
Figure  Al  and  details  are  provided  in  the  General  Technology  Report  (Ref.  3). 
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Performance 

Zero  chlorine  residual  is  achievable  with  dechlorinating  chemicals  such  as  sodium 
metabisulphite  and  sulphur  dioxide.  Therefore,  toxicity  as  a  result  of  chlorine  residuals 
is  also  eliminated. 


Costs 

Capital  costs  of  a  dechlorination  system  to  treat  average  effluent  flows  of  6,030  m-'/d,  as 
measured  over  the  12  months  monitoring  period  at  MISA  Control  Point  COO  100,  are 
$162,900  (ENR  CCI  6343)1 

Assuming  an  average  chlorine  residual  of  6.0  kg/d  (1  mg,^  chlorine  residual),  operating 
costs  are  estimated  at  $11,300  per  year,  including  chemicals  and  labour. 


5.0 


SUMMARY  OF  COST  AND  PERFORMANCE  OF  BAT  OPTIONS 


Table  2  summarizes  the  cost  and  performance  estimated  for  implementation  of  BAT 
options. 


Table  2 
Summary  of  Estimated  Cost  and  Performance  of  BAT  Options 

ComponcDt 

EsUmated  Result 

BATOpUon  I 

Exlstin^  (BAT  Options  3,  4  and  5) 

Cost 

•  Capital 

•  Operating 

$162.900 
J11.300/y 

0 
0 

Performance 

•               Toxicity 

Rainbow  trout 
1                    -                Daphnia  magna 

ooa-lethal 
non-lelhal 

>100%  to  non-lethal 
>80%  to  non-lethal 

6.0 


STORM  WATER  MANAGEMENT 


Effluents  monitored  at  Control  Points  ST0200  and  ST0300  included  storm  water  runoff 
from  non-process  areas  of  the  plant.  The  collection  area  for  ST0200  also  covers  an 
area   where    lagoons   would    overflow   if   their   capacity   were    exceeded.       Thus, 
contaminants  in  lagoon  wastewater  would  runoff  in  storm  water  in  an  overflow  event. 


Engineering  News  Record  Construction  Cost  Index. 
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Lagoons  have  overflowed  on  occasion  as  a  result  of  heavy  rainfall. 

Reducing  the  risk  of  lagoon  overflow  should  be  considered  in  the  long-term  manage- 
ment of  storm  water  discharges  at  the  plant.  This  would  include: 

•  Qeaning  out  the  existing  volume  of  sludge  build-up  in  the  lagoons,  which 
has  reduced  their  storage  capacity  and  subsequent  regular  routine  clean- 
out,  to  maintain  maximum  storage  capacity. 

•  Implementation  of  additional  storage  capacity,  if  required. 
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Table  A1 ,  Albright  and  Wilson  Americas 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0100 
Description:  RnaJ  Discharge 

Contantinant 

Urits 

Concentration  over  12  Month 
Saimplno  Peiflbd 

Loading 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

0.992 

7850 

6030 

Nitrate  and  Nitrite 

mg/L 

0.189 

1.05 

0.37 

2.297 

DOC 

mg/L 

1.7 

31 

3.4 

20.904 

Total  Phosphorus 

mg/L 

0.01 

2.67 

0.09 

0.528 

Specific  Conductance 

uS/cm 

?77 

557 

«    328 

Total  Suspended  Solids 

mg/L 

0.5 

660'^^^    5.6 

33.595 

Aluminum 

ug/L 

9.7 

v,^^Y°^>s\e.    583 

3.522 

Strontium 

ug/L 

^Ot  ^' 

\ss^^ 

181 

1.124 

Zinc 

ug/L 

^   \^ 

,  ^^^  15 

7.3 

0.046 

Mercury 

ug/L 

0%? 

0.7 

0.13 

0.001 

Phenolics  (4AAP) 

ug/L 

0.6 

10.2 

3.8 

0.024 

Dibromochloromethane 

ug/L 

2.7 

3.4 

3.05 

0.022 

Chlorofonn 

ug/L 

3.7 

5.4 

4.55 

0.032 

Oil  and  Grease 

mg/L 

1 

5 

1.2 

7.279 

Chloride,  Unfiltered  Reactive 

mg/L 

18.1 

27 

22.6 

164.601 

Ruoride.  Unfiltered  Reactive 

mg/L 

0.12 

0.14 

0.13 

0.938 

Sulphate.  Unfiltered  Reactive 

mg/L 

24 

39 

31.5 

230.802  1 

Table  A2.  Albright  and  Wilson  Americas 
Summary  of  Fksws  and  Priority  One  Pollutants 
MISA  Control  Point:  1N0400 
Description:  Intake 

Contaminant 

Units 

Concentration  over  1 2  Month 
Samping  Period 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

Nitrate  and  Nitrite 

mg/L 

0.18 

1.02 

0.36 

DOC 

mg/L 

1.7 

6.6 

2.8 

Specific  Corxjuctance 

uS/cm 

211 

548 

306 

Total  Suspended  Solids 

mg/L 

0.5 

.nr^^ 

^^      5.04 

Aluminum 

ug/L 

.  ..9.^'<^^^B^€ 

504 

Strontium 

ug/L     rO^    1  <-v<\3\  >^0 

174 

Zinc 

ug/L 

S*5^3 

27 

12.7 

Mercury 

ug/L 

0.06 

0.9 

0.1 

Dibromochloromethane 

ug/L 

2.7 

3.6 

3.2 

Chlorofonn 

ug/L 

4.1 

4.5 

4.3 

Oil  and  Grease 

mg/L 

1 

4 

1.2 

Chloride,  Unfiltered  Reactive 

mg/L 

16.9 

23 

20 

Ruoride.  Unfiltered  Reactive 

mg/L 

0.12 

0.14 

0.13 

Sulphate.  Unfiltered  Reactive 

mg/L 

23 

34 

28.5 

1 1 

Table  A3 

Toxicity  Testing  Results  at  Albright  &  WHson  Americas 

Stream 

Species 

No.  of 
Samples 

Range  of  Data 

Number  of  Non-  1 
Lethal  Samples    | 

COOIOO 

Rainbow  Trout 
Daphnia  magna 

7 
7 

>100%  non-lethal 
80.6%  to  non-lethal 

4                1 
6 

IN0400 

Rainbow  Trout 
Daphnia  magna 

6 
6 

all  non-lethal 
77.9%  to  non-lethal 

6 

5 
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Albri 

ght&  Wilson 
i^aitland 

Port» 

CONCENTRATIONS 

LOADINGS   (kfljd) 

ATG 

PARAMETER 

RMDL 

UNIT 

CO  0100 

IN  0400 

CO  0100 

IN  0400 

c 

Total  suspended  soDds 

5 

mg/L 

4.45 

3.75 

26.7 

22.7 

c 

Hydrogen  ion  (pH) 

7.96 

7.76 

c 

Specific  conductance 

uS/cm 

327 

305 

c 

DOC 

0.5 

mg/L 

3.39 

2.82 

20.9 

17 

c 

Tcx; 

5 

mg/L 

3.43 

2.81 

21.2 

17 

c 

Oil  and  grease 

1 

mg/L 

1.21 

1.25 

7.28 

7.56 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

0.031 

0.03 

0.193 

0.181 

c 

Nitrate  +  Nitrite 

0.25 

mg/L 

0.37 

0.355 

2.3 

2.15 

c 

TotaJ  KjeldahJ  ivtrogen 

0.5 

mg/L 

0.242 

0.241 

1.52 

1.46 

c 

Total  phosphorus 

0.1 

mg/L 

0.081 

0.058 

0.484 

0.351 

09 

Aluminum 

30 

ug/L 

583 

504 

3.52 

3.05 

09 

Strontium 

20 

ug/L 

181 

175 

1.12 

1.06 

09 

Zinc 

10 

ug/L 

7.33 

12.7 

0.046 

0.077 

12 

Mercury 

0.1 

ug/L 

0.126 

0.099 

0.001 

0.001 

14 

Phenolic*  (4AAP) 

2 

ug/L 

3.83 

1.36 

0.024 

0.008 

16 

1,2-Dichloroethane 

0.8 

ug/L 

0.665 

0.665 

0.005 

0.004 

16 

Chloroform 

0.7 

ugA. 

4.55 

4.3 

0.032 

0.026 

16 

Dibromochloromethane 

1.1 

ug/L 

305 

3.15 

0.023 

0.019 

16 

Methylene  chloride 

1.3 

ug/L 

14 

1.21 

0.109 

0.007 

17 

Benzene 

0.5 

ug/L 

0.7 

1.25 

0.005 

0.008 

23 

Hexachlorocydopentadiene 

10 

ng/L 

11.7 

7.45 

_ 

_ 

98 

Ftflow 

m3/d 

6050 

11 

Chloride 

2 

mg/L 

2Z6 

20 

165 

121 

12 

Fluoride 

0.1 

mg/L 

0.130 

0.130 

0.938 

0.786 

13 

Sulphate 

5 

mg/L 

31.5 

28.5 

231 

172 

Notes: 


C00100  is  the  "Final  Discharge  to  the  River  which  discharges  into  Lake  Erie. 

Intake  loadings  are  based  on  reported  concentrations  and  the  mean  discharge  flow  rate. 


APPENDIX  2 
Allied  Chemicals  Canada 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

ALUED  CHEMICALS  CANADA  LTD. 


1.0  PLANT  DESCRIPTION 

Allied  Chemicals  Canada  Ltd.  located  near  Amherstburg,  Ontario  manufactures 
hydrofluoric  acid  and  chlorofluorocarbons.  Hydrofluoric  acid  gas  evolved  by  the  reaction 
of  fluorspar,  oleum  and  sulphuric  acid  in  a  furnace,  is  condensed,  distilled  to  remove 
impurities  and  stored  or  diluted  with  water  for  sale.  A  portion  of  hydrofluoric  acid  i? 
used  in  the  manufacture  of  chlorofluorocarbons,  under  the  trade  name  Genetron^^. 
Hydrofluoric  acid  is  reacted  with  carbon  tetrachloride  or  chloroform  in  batch,  and  reactor 
contents  are  compressed,  distilled  and  condensed  to  produce  various  Genetron^^  refirig- 
erants. 

Water  from  the  Detroit  River,  supplied  from  General  Chemical  Canada  Ltd.\  is  used  in 
the  plant  for  cooling,  as  scrubber  water,  and  for  other  general  uses  such  as  washdown. 
In  addition,  potable  water  from  a  treatment  plant  at  General  Chemical  is  used  as  cooling 
tower  make  up  water. 

Details  on  the  plant,  processes  and  wastewater  management  methods  are  presented  in 
the  site  visit  report  (Ref.  2). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

Gypsum  residue  from  the  hydrofluoric  acid  process  is  slurried  with  water  and  neutralized 
with  alkaline  calcium  and  magnesium  carbonate  sludges  (brine  muds)  from  General 
Chemical.  Solids  are  removed  in  a  settling  pond  and  pond  water  is  recycled  back  to 
serve  as  slurry  water.  Overflows  from  the  pond,  monitored  during  the  MISA  Monitoring 
Regulation  period  at  PR0300,  were  discharged  to  a  settling  lagoon  (soda  ash  settling 
basin)  on  the  General  Chemical  property.  This  lagoon  discharges  to  the  Detroit  River. 

Two  wastewater  streams  are  also  generated  in  the  Genetron^^  process.  Hydrochloric 
acid  scrubber  water,  produced  when  hydrochloric  acid  byproduct  is  stripped  of  chloro- 
fluorocarbon  gas,  is  sent  to  the  calcium  chloride  process  at  General  Chemical.  The  acid 
stream,  combined  with  General  Chemical  soda  ash  plant  effluents,  is  processed  for  the 
recovery  of  calcium  chloride.  The  scrubber  water  stream  was  monitored  at  MISA  Con- 
trol Point  PR0600. 


General  Chemical  Canada  Ltd.,  produces  soda  ash  and  calcium  chloride,  and  is  located  on  the  same  site  (Ref.  1). 

1 


TOR/INORG3/989J1 


The  second  Genetron^'**  wastewater  stream  includes  wash  water,  spills,  etc.  from  the 
process  areas  that  are  collected  in  a  contaminant  sump  to  allow  appropriate  treatment  or 
spiD  recovery  before  being  discharged  via  MISA  Control  Point  PROIOO  to  the  soda  ash 
settling  basin  at  General  Chemical  Canada  Ltd. 

Storm  water  from  an  onsite  quarry  and  from  one  area  of  the  plant  were  also  monitored 
during  the  MISA  Monitoring  Regulation  period.  Much  of  the  storm  water  runoff  from 
the  Allied  site,  was  monitored  by  General  Chemical  at  their  Nonh  Drain  Control  Point 
COOIOO. 


22  Wastewater  Flows  and  Quality 

Tables  Al,  A2  and  A3  in  the  Appendix  present  mean,  maximum  and  minimum  flow  and 
concentration  data  for  those  parameters  defined  as  "Priority  1"  by  the  Ministry  of  the 
Environment  for  MISA  Control  Points  PROIOO,  PR0300  and  PR0600.  Table  A4  presents 
intake  water  quality  data. 

At  the  time  this  report  was  prepared,  MISA  monitoring  data  as  presented  in  Table  Al, 
was  not  yet  verified  by  the  Ministry.  Since  that  time,  corrections  have  been  made,  and 
the  finalized  data  are  presented  in  Table  A5,  for  completeness.  It  is  important  to  note 
that  recommendations  for  BAT  Options  were  made  based  on  unverified  data,  and  in  a 
limited  number  of  cases,  may  not  be  applicable  based  on  corrected  data  results. 


3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  five  BAT  options  for  the  management  of 
wastewater,  with  the  exception  of  storm  water  runoff^,  should  be  considered  for  each 
Ontario  Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethah'ty  to  rainbow  trout 

and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facilities 

in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 


Storm  w3ier  runoff  quality  limits  will  be  esublished  separately  under  MISA,  in  œnjunction  with  a  program  to 
œnduci  a  Storm  Water  Control  study  at  each  sue. 


T0R/IN0RG3/989J1 


Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technologies, 
or  cross-over  technologies  from  other  industrial  sectors,  which  will 
advance  the  Ontario  plant  the  furthest  toward  virtual  elimination 
and  the  ultimate  goal  of  zero  discharge  of  contaminants. 

Each  of  these  options  is  addressed  the  following  discussions. 

Individual  BAT  Options  were  considered  for  two  distinct  operating  scenarios,  as  follows: 


Scenario  1  -  General  Chemical  and  Allied  Chemicals  continue  to  manage  wastewater 
interactively.  Thus,  all  of  the  wastewaters  generated  at  Allied  are  discharged  from  Gen- 
eral Chemical's  site,  and  none  are  discharged  directly  to  receiving  water  from  Allied 
Chemicals.     . 

All  wastewater  streams  discharged  from  Allied  Chemicals  monitored  in  the  MISA  pro- 
gram eventually  leave  the  General  Chemical  site  after  being  settled  in  a  settling  basin. 
BAT  options  that  address  this  discharge  stream  were  considered  when  addressing  options 
for  General  Chemical's  effluents  (Ref.  5). 

There  was  however,  a  need  to  identify  BAT  options  for  this  scenario  at  Allied  that 
address  a  few  contaminants  discharged  from  Allied  Chemicals.  These  contaminants  were 
mostly  not  detected  in  General  Chemical's  effluents,  but  were  considered  because  there 
are  no  processes  intended  for  their  removal  after  the  MISA  monitoring  points  at  Allied 
Chemicals.  Thus,  they  may  be  transferred  to  other  environmental  media,  incorporated 
into  General  Chemical's  product,  or  simply  not  detected  in  General  Chemical  effluents  as 
a  result  of  dilution.  However,  because  they  originate  at  Allied  Chemicals,  BAT  options 
for  Scenario  1  consider  these  contaminants. 


Scenario  2  -  In  this  case,  it  is  assumed  Allied  Chemicals  would  operate  independent  of 
General  Chemical.  Therefore,  wastewater  from  General  Chemical  (i.e.  brine  muds) 
would  not  be  available  for  neutralizing  effluents,  and  all  wastewater  generated  at  Allied 
would  be  discharged  directly  to  the  receiving  water.  Therefore,  BAT  options  for  these 
effluents  were  considered. 


3.1  BAT  Option  1 

Scenarios  1  and  2 

Toxicity  tests  were  not  conducted  on  Allied  Chemical's  effluents  under  the  MISA  Moni- 
toring Regulation.  Therefore,  the  acute  toxicity  of  effluents  to  the  test  species  rainbow 
trout  and  Daphnia  magna  are  unknown. 
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A  review  of  the  data  in  Table  Al,  A2  and  A3  indicates  that  several  contaminants  in 
Allied  effluents  are  at  levels  that  could  contribute  to  toxicity.  BAT  Option  4  addresses 
the  reduction  of  all  of  these  contaminants.  Since  the  toxicity  contribution  from  each  has 
not  been  defined,  the  minimimi  level  of  effort  (i.e.  least  cost  method)  of  achieving  non- 
lethal  effluents  carmot  be  specified  at  this  time. 


3.2  BAT  Option  2 

3.2.1  Hydrofluoric  Acid  Plant 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,  989  Edition),  Part  415  Inorganic 
Chemicals  Manufacturing,  subpart  H  -  Hydrofluoric  Acid  Production  Subcategory,  BPT 
and  BAT  effluent  limits  were  defined  for  TSS,  pH,  fluoride,  nickel  and  zinc.  These  limits 
are  compared  to  the  hydrofluoric  acid  pond  overflow  (bleed)  stream  effluent  quality 
measured  at  MISA  Control  Point  PR0300  in  Table  1. 


Scenario  1 

The  data  in  Table  1  shows  that  the  wastewater  management  system  currently  used  by 
Allied  generally  produces  an  effluent  quality  that  exceeds  U.S.  BPT  and  BAT  require- 
ments. Therefore,  on  a  wastewater  quality  basis,  no  changes  to  the  existing  system  are 
required. 


Table  1 

Comparison  of  U.S.  BPT  and  BAT  Limits  to  Allied  Chemicals  Effluents  from 

Hydrofluoric  Acid  Manufacturing 

Parameter 

OSLEP 

„.    .^„„,^. 

30  Day  Avcrage 

Maximain  Da; 

L2  Month  Meaa 

12  Month  Maximum^ 

Fluoride^  (Vg/d) 

228 

484 

76.8 

157 

Nickel^  (kg/d) 

0.85 

Z9 

1.1 

Z9   1 

Zinc^  (k«/d) 

3.13 

103 

1.4 

9.8 

Ph3 

6.0-9.0 

6.0-9.0 

6.0-9.0 

2.8-9.6^ 

TSS3  (kg/d) 

755 

1567 

153 

838 

Notes 

1.  Based  on  limits  set  on  a  kgA  of  HF  produced  basis,  and  using  reported  Allied  production  rates, 

2.  U,S.  BAT 

3.  VS.  BPT 

4.  Data  6om  MISA  Control  Point  PR0300. 

5.  Calculated  using  maximum  concentration  and  mean  flow. 

6.  Less  than  2  percent  of  the  total  number  of  samples  had  pH  values  outside  the  neutral  range. 
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U.S.  BAT  limits  were  based  on  the  treatment  of  slurried  gypsxim  effluent  with  lime  pre- 
cipitation, settling/thickening  and  pH  adjustment.  In  addition,  U.S.  BAT  included  the 
requirement  of  65  percent  effluent  reuse  for  kiln  residue  slurring  (Ref.  3,  Ref.  1).  At 
Allied  Chemicals,  alkaline  brine  muds  from  the  settling  of  brine  impurities  at  General 
Chemical  is  used  to  precipitate  and  neutralize  kiln  residue  slurries.  The  recycle  rate 
utilized  is  estimated  to  be  66  percent  of  the  gypsum  slurry  wastewater  production  rate. 

Based  on  the  above  discussion  neutralization  of  hydrogen  fluoride  plant  effluents  using 
brine  muds  can  be  considered  at  least  an  equivalent  technology  to  lime  treatment  for 
treating  Allied  Chemicals  hydrofluoric  acid  plant  effluents.  Therefore,  no  changes  to  the 
existing  wastewater  management  system  in  Scenario  1  are  included  under  BAT  Option  2. 


Scenario  2 

In  this  Scenario,  brine  muds  would  not  be  available  for  neutralizing  the  hydrogen  fluoride 
plant  effluents.  The  use  of  lime,  as  recommended  by  the  U.S.  EPA  could  be  used  as  the 
neutralizing  agent,  and  would  likely  produce  the  same  effluent  quality.  This  alternative  is 
recommended  in  Scenario  2  under  BAT  Option  2  and  is  discussed  further  in  Section  4. 


3.2.2  Genetron^^  Manufacturing 

Effluent  regulations  for  chlorofluorocarbon  manufacturing  are  covered  under  40  CFR  of 
the  U.S.  Federal  Register  (July  1,  1989  Edition),  Part  44  Organic  Chemicals,  Plastics  and 
Synthetic  Fibre  Manufacturing,  subpart  G,  Bulk  Organic  Chemicals.  Best  practicable 
technology  (BPT)  limits  were  defined  for  effluent  concentrations  of  BOD5,  TSS  and  pH. 
BAT  concentration  limits  for  toxic  contaminants  were  set  for  plants  both  with  and  with- 
out end-of-pipe  biological  wastewater  treatment. 

Table  2  presents  a  comparison  of  U.S.  BPT  and  BAT  limits  to  Genetron^^  effluents  at 
Allied  Chemicals.  In  general,  conventional  contaminants  and  volatile  organic  compounds 
detected  in  effluents  were  at  levels  significantly  exceeding  those  defined  by  the  U.S.  EPA 


Scenario  1 

In  the  existing  Scenario,  Genetron^^  plant  wastewaters  are  currently  handled  further  at 
General  Chemical  before  being  discharged.  Although  only  a  few  of  these  volatile  organ- 
ics  were  detected  in  General  Chemicals,  discharges,  and  these  were  at  levels  and  loadings 
significantly  lower  than  in  Allied  Chemical's  discharges,  the  handling  of  Genetron  waste- 
waters at  Allied  Chemicals  does  not  incorporate  technologies  for  volatile  organics 
removal.  It  is  likely  that  although  some  natural  destruction  may  occur,  contaminants 
levels  are  lower  because  of  dilution  with  other  effluents,  and  also  through  evaporation  to 
the  atmosphere. 
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Neither  evaporation  nor  dilution  effects  mitigate  the  discharge  of  volatile  organics  from 
Allied  Chemicals  to  the  Environment.  Therefore,  methods  for  reducing  these  chemicals 
in  Allied  Chemicals'  Genetron^^  effluents  were  addressed  in  BAT  Option  2. 


Table  2 
Comparison  of  U.S.  BPT  and  BAT  Limits  to  Allied  Chemicals  Effluents  from  the 

Genetron™  Plant 

Parameter 

U.5.  IJmlts 

ARM  EtnocDls 

PBOIOO  Genetron''^ 
Siunp 

PR0600  Hydiochloiic  AcM 
Scrubber^ 

Monthly 
Average 

Maximum 

12  Mnnib 
Mean 

12  Month 
Maximum 

12  Month 
Mean 

12  Month 
Maximum 

PH 

6.0-9.0 

6.0-9.0 

8.7 

1.2-12.8 

2J 

0.1-7.8 

BOD,;  (mg/L) 

34 

92 

n.d.3 

n.d 

n.d. 

n.d. 

TSS(mgA-) 

49 

159 

224 

77.000 

„.p.^ 

n.p. 

Aaylonilrile  (iig/L) 

94 

232 

577 

1.050 

15,000 

21.500 

Benzene  ((ig/L) 

57 

134 

92 

420 

2,470 

8,600 

ChJorobcnzcne  (ng/L) 

142 

380 

103 

420 

2,610 

8,600 

1    12-DichIoroethane  (|ig/L) 

180 

574 

92 

420 

2.610 

8,600 

1,1^-Trichloroclhane  (ligA-) 

32 

127 

125 

420 

2.880 

8.600 

ChJoroform  ((ig/L) 

111 

325 

4,610 

120.000 

15i00 

700,000 

1^-Dichlorobenzene  (jig/L) 

196 

794 

246 

1,050 

6J90 

21.500 

13-Diclilorobenzcne  (ng/L) 

142 

380 

286 

1060 

7,560 

25,800 

1,4-DichJorobcnzcne  (ng/L) 

142 

380 

425 

2.100 

IZOOO 

43,000 

1,1-Dichloroclhylene  (^lg/L) 

22 

60 

114 

420 

2,740 

8,600 

l^-trans-Dichlorocihylene  (jig/L) 

25 

66 

114 

420 

2,740 

8,600 

1.2-Dichloropn3paDe  (ng/L) 

196 

794 

92 

420 

2,470 

8,600 

13-Dichloropylcne  (jig/L) 

196 

794 

591 

2^20 

15340 

51,600 

Methylene  chloride  (|ig/L) 

36 

170 

389 

13,000 

18.500 

580,000       II 

Hcjachiorobutadiene  (|ig/L) 

142 

380 

205 

500 

5,220 

50,000 

Bis  (2-cthylhotyl)  phihaiate  (jig/L) 

95 

258 

16 

45 

14 

19 

1  Tctrachlorocthylcne  (iig/L) 

52 

164 

136 

420 

3,010 

8,600         1 

Toluene  (jig/L) 

28 

74 

102 

2^80 

2360 

8,700         1 

Trichlorocthylene  (ng/L) 

26 

69 

235 

1,050 

6050 

21,500 

Vinyl  chloride  (|ig/L) 

97 

172 

192 

430 

3,680 

8,600 

Chromium  (iig/L) 

1.110 

2,770 

29 

70 

52 

140 
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Table  2 
Comparison  of  U.S.  BPT  and  BAT  Limits  to  Allied  Chemicals  EfTluents  from  the 

Genetron™  Plant                                                      | 

Panuncler 

U^Umiis 

AIUedEmaente                                      | 

PR060Q  Hjdrodiloric  Add    | 
Scrubber^                  | 

Monlhty 
Average 

Maximum 

12  Month 
Mean 

12  Month 
Maxlramn 

U  Month 
Mean 

12  Month 
Mazlmun 

Copper  (^g/L) 

1,450 

3380 

15 

60 

n.p. 

n.p. 

Nickel  (iig/L) 

1,690 

3,980 

n.p. 

n.p. 

n.p. 

n.p. 

Zinc  (iig/L) 

1,050 

2,610 

71 

1,070 

55 

110 

Notes: 

1.  Data  from  MISA  Control  Point  PROIOO. 

2.  Data  from  MISA  Control  Point  PR0600. 

3.  No  data. 

4.  Not  a  "Priority  1"  poUuianu 

Demonstrated  processes  identified  for  the  removal. of  volatile  organics  include: 

•  Activated  carbon  adsorption 

•  Steam  stripping 

•  Air  stripping. 

Activated  Carbon  Adsorption:  Activated  carbon  systems,  involving  continuous  flow  col- 
umns containing  granular  activated  carbon,  are  widely  used  for  organics  removal  from 
wastewater.  Activated  carbon  is  a  highly  porous  material  resulting  in  a  large  surface  area 
per  volume  ratio.  Molecules  are  adsorbed  to  this  surface,  and  the  adsorption  efficiency 
is  dependent  on  a  number  of  factors  including  the  characteristics  of  the  carbon,  pollutant 
molecules,  wastewater,  and  presence  of  competing  molecules. 

Removal  efficiencies  for  volatile  organics  achievable  in  activated  carbon  systems  can  be 
calculated  theoretically  based  on  the  adsorptive  characteristics  of  each  molecule  and  the 
media.  However,  actual  efficiency  depends  on  the  relative  absorbability  of  each  organic 
compound.  Removal  efficiencies  of  up  to  >99  percent  have  been  reported  for  many  of 
the  volatile  organics  present  in  Allied  Chemicals  Genetron^^  wastewater. 

Requirements  of  activated  carbon  systems  include  upstream  TSS  removal,  to  avoid  foul- 
ing of  the  media  and  the  need  for  frequent  backwashing.  Exhausted  media  may  be  dis- 
posed, or  thermally  regenerated,  either  onsite  or  by  the  media  supplier.  Generally,  this 
regeneration  destroys  the  toxic  contaminants,  so  that  safe  ultimate  disposal  of  the 
contaminant  is  achieved. 
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Steam  Stripping:  Steam  stripping  involves  introducing  steam  at  the  bottom  of  a  packed 
column,  or  bubble  sieve  plate  tower.  Steam  flows  counter  current  to  the  wastewater 
laden  with  volatile  organics  and  because  of  the  volatility  of  these  pollutants,  they  become 
entrained  in  the  steam  and  are  removed  from  the  wastewater.  The  small  volume  of 
steam  condensate  containing  concentrated  pollutants  may  be  used  for  recovery  of  pollu- 
tants, or  requires  disposal. 

Steam  stripping  involves  relatively  high  operating  costs,  and  is  most  effective  and  there- 
fore, most  commonly  used,  to  recover  valuable  components  from  wastewaters.  Steam 
stripping  for  volatile  organics  removal  was  considered  at  one  "sister"  chlorofluorocarbon 
manufacturing  facihty  in  the  U.S.,  but  rejected  because  there  was  no  potential  for  recov- 
ery of  the  relatively  small  quantities  of  valuable  components  in  the  wastewater  (Ref.  3). 
Steam  stripping  was  not  considered  further  for  treatment  of  Allied  Chemicals' 
Genetron^^  process  effluents. 

Air  Stripping:  Air  stripping  is  essentially  a  gas  transfer  process,  in  which  the  wastewater 
containing  volatile  pollutants  is  brought  in  contact  with  air  and  the  pollutants  transfer 
from  the  liquid  to  gas  phase.  Similar  to  steam  stripping,  a  packed  column  is  used  to  ma- 
ximize the  air  to  wastewater  contact. 

A  major  environmental  consideration  associated  with  air  stripping  of  volatile  organics  is 
the  transfer  of  pollutants  to  an  air  effluent.  At  one  "sister"  chlorofluorocarbon  manufac- 
turing plant  in  the  U.S.,  air  emissions  released  sufficiently  low  concentrations  that  air 
controls  were  not  required  (Ref.  3).  To  reduce  the  emissions  of  volatile  organic  com- 
pounds to  air,  air  effluent  collection  and  treatment  by  activated  carbon  adsorption  or 
other  air  treatment  technology  may  be  utilized. 

Both  granular  activated  carbon  (GAC)  adsorption  and  air  stripping,  followed  by  GAC  or 
other  treatment  of  air  emissions  are  technologies  applicable  to  reducing  levels  of  volatile 
organics  in  Allied  Chemicals'  Genetron™  effluents  to  less  than  those  defined  under  U.S. 
BAT  regulations. 

Air  stripping  is  a  demonstrated  technology  for  reducing  volatiles  in  chlorofluorocarbon 
manufacturing  process  wastewaters.  However,  experience  indicates  the  pH  control  is 
required  to  avoid  corrosion  or  scaling  of  the  stripping  equipment,  and  settling  is  required, 
to  avoid  plugging  of  the  packed  column  (Ref.  3).  Furthermore,  GAC  adsorption  or  some 
other  treatment  of  air  emissions  would  be  necessary  to  reduce  the  transfer  of  the  pollu- 
tants to  the  atmosphere. 

K  air  stripping  were  implemented  at  Allied  Chemicals,  neutralization  of  the  acidic  hydro- 
chloric acid  scrubber  water  stream  would  be  required.  This  neutralization  would  likely 
release  carbon  dioxide  gas  and  vapours  containing  volatile  organics,  which  would  also 
require  GAC  adsorption. 
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Implementation  of  GAC  adsorption  of  Genetron^^  sump  wastewaters  (PROIOO)  may  also 
be  considered  for  Allied  Chemicals.  In  this  case,  the  Genetron^"^  sump  stream  would 
need  to  be  treated  to  reduce  TSS  removal  to  avoid  fouling  of  the  carbon. 

Because  of  the  reduced  complexity  of  the  system,  granular  activated  carbon  adsorption  is 
recommended  under  BAT  Option  2  for  both  Genetron^^  effluents.  Based  on  the  pres- 
ent practice  of  reuse  of  the  hydrochloric  acid  stream  for  the  production  of  calcium  chlor- 
ide at  General  Chemical,  the  two  process  steams  are  not  mixed.  The  system  treating  Ge- 
netron^^  wastes  will  include  settling  and  GAC  adsorption,  while  the  system  treating  the 
hydrochloric  acid  stream  will  include  only  GAC  adsorption.  Details  of  these  systems  are 
discussed  in  Section  4.0. 


Scenario  2 

If  Allied  Chemicals  were  to  discharge  wastewaters  directly,  settling  of  the  Genetron^^ 
sump  stream  (PROIOO)  and  GAC  treatment  of  both  streams,  as  described  for  Scenario  1, 
would  be  required  to  meet  U.S.  BAT  limits  for  volatile  organic  compounds.  In  addition, 
adjustment  of  the  pH  of  both  streams  would  be  required  for  U.S.  BAT.  Therefore,  BAT 
Option  2  in  Scenario  2  also  includes  mixing  of  the  two  carbon  treated  streams  and  chem- 
ical addition  to  achieve  neutral  pH. 


33  BAT  Option  3 

Scenarios  1  and  2 

Allied  Chemicals  Canada  Ltd.  is  the  only  manufacturer  of  hydrofluoric  acid  in  Ontario. 
Therefore,  changes  to  the  existing  wastewater  management  system  are  not  recommended 
under  BAT  Option  3. 

In  addition  to  Allied  Chemicals,  Dupont  Canada  in  Maitland,  Ontario,  produces  chloro- 
fluorocarbons,  as  well  as  a  wide  range  of  other  organic  chemical  products.  The 
wastewaters  generated  from  all  processes  at  the  Dupont  site  are  combined  and  biologi- 
cally treated  for  removal  of  organic  carbon.  This  technology  is  not  applicable  to  the  two 
Genetron^'^  streams  generated  at  Allied  because  the  very  low  organic  carbon  concentra- 
tions could  not  support  biological  treatment  system.  Furthermore,  in  plant  recovery  or 
recycle  of  wastewater  streams  (e.g.  hydrochloric  acid  scrubber  water)  is  not  practiced  at 
Du  Pont.  Thus,  for  the  purposes  of  demonstrating  best  technologies  in  Ontario,  applic- 
able technologies  at  comparable  facilities  for  managing  Allied's  Genetron^^  process 
effluents  were  not  identified.  Therefore,  changes  to  the  existing  system  are  not  recom- 
mended under  BAT  Option  3. 
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3.4  BAT  Option  4 

BAT  Option  4  includes  technologies  that  provide  the  maximum  level  of  contaminant 
removal  from  Allied  Chemicals  effluents.  These  technologies  are  discussed  with  respect 
to  Scenario  1  and  Scenario  2. 


3.4.1  Hydrofluoric  Acid  Plant 

Scenario  1 

In  Scenario  1,  hydrofluoric  acid  plant  effluents  treated  at  Allied  Chemicals  are  ultimately 
transferred  for  additional  treatment  in  a  settling  basin  at  General  Chemicals'  site  before 
discharge.  Furthermore,  under  BAT  Option  4  specified  for  General  Chemical  (Ref.  5), 
the  settling  pond  effluent  stream  would  be  treated  for  total  dissolved  solids  (TDS) 
removal  in  a  brine  concentrator,  and  treated  effluents  would  be  available  for  recycle  in 
the  plant.  Thus,  there  would  be  no  discharge  of  wastewater  from  the  settling  pond. 

Although  zero-discharge  of  wastewater  contaminants  would  result,  removal  of  certain 
contaminants  from  Allied  Chemicals  effluents  was  considered  in  BAT  Option  4  to  pre- 
vent their  discharges  to  the  environment,  for  example,  in  air  emissions  or  solid  waste. 
These  contaminants  include: 

•  Volatile  organic  compounds 
Bis  (2-Ethyhexyl)  phthalate 

•  Dioxin  compounds 

Volatile  Organic  Compounds:  Two  volatile  organic  compounds,  chloroform  and 
methylene  chloride,  were  detected  at  low  levels  in  the  hydrofluoric  plant  effluents.  These 
contaminants  may  be  associated  with  the  chlorofluorocarbon  manufacturing  process, 
storm  water  runoff,  or  the  chlorinated  water  supply  used  as  cooling  tower  make-up  water. 
Because  the  concentrations  of  these  contaminants  are  low,  a  source  identification  and 
control  study  is  not  warranted.  Furthermore,  demonstrated  technologies  practical  for 
freating  the  low  levels  of  these  contaminants  in  industrial  wastewaters  were  not  identified 
in  a  global  search. 

Bis  (2-Ethylhexyl)  Phthalate:  One  exfractable  trace  organic  compound,  bis  (2-ethylhexyl) 
phthalate,  was  detected  in  the  hydrofluoric  acid  plant  effluents.  A  review  of  the  raw 
materials  and  chemicals  used  at  the  plant  indicate  that  this  contaminant  is  not  likely 
process  related.  Became  it  is  often  detected  as  a  result  of  analytical  laboratory  con- 
tamination, the  true  presence  of  this  contaminant  should  be  confirmed.  However, 
because  concenfrations  are  low,  no  technologies  for  removal  are  recommended  under 
BAT  Option  4. 

Dioxins:  Dioxins  are  not  likely  associated  with  the  hydrofluoric  acid  process  at  Allied 
Chemicals  or  the  soda  ash  or  calcium  chloride  processes  at  General  Chemical  which 
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discharge  through  Control  Point  PR0300.  However,  the  Genetron^^  process,  which  dis- 
charges wastewaters  through  MISA  Control  Points  PROIOO  and  PR0600,  appears  to  be  a 
source  of  dioxin  compounds.  In  the  existing  wastewater  management  system,  oppor- 
tiinities  for  mixing  of  hydrofluoric  acid  plant  streams  with  Genetron^^  streams  do  not 
appear  to  exist.  Thus,  the  likely  source  of  these  compounds  in  hydrofluoric  acid  plant 
effluents  may  be  stormwater  runoff,  with  the  source  of  contamination  being  the  Gene- 
tron^'^  area.  Control  of  these  contaminants  from  being  released  in  Genetron^^  effluents 
(to  be  discussed)  will  likely  also  address  their  elimination  from  hydrofluoric  acid  plant 
effluents. 


Scenario  2 

In  the  case  where  Allied  Chemicals  would  discharge  wastewaters  directly,  maximum  redu- 
ction of  all  "Priority  1"  pollutants  in  the  hydrofluoric  acid  plant  effluents  (PR0300)  need 
to  be  considered.  In  addition,  because  brine  muds  from  General  Chemical  would  not  be 
available  for  neutralization,  an  alternate  neutralizing  agent  such  as  lime,  as  described 
under  BAT  Option  1,  would  be  required.  It  is  assumed  that  lime  treatment  using  brine 
muds  under  Scenario  1  will  produce  an  effluent  of  similar  quality  to  the  measured  quality 
at  PR0300.   Contaminants  present  in  the  lime  treated  effluent  include: 

Phosphorus 

TSS 

Metals 

Oil  and  Grease 

Chloride,  fluoride  and  sulphate 

Volatile  organic  compounds 

bis  (2-Ethylhexyl)  phalate 

Dioxin  compotmds. 

Organic  Compounds:  Methods  for  reducing  these  the  first  five  contaminants  above  are 
discussed  below.  The  discussion  of  removal  of  the  three  organic  contaminant  groups 
addressed  imder  Scenario  1  also  applies  to  Scenario  2. 

Phosphorus:  Phosphorus  is  likely  contributed  in  part  from  phosphorus  based  chemicals 
used  to  treat  cooling  tower  make-up  water.  Reduction  of  phosphorus  coxild  be  achieved 
by  using  alternate  freatment  chemicals.  However,  because  these  would  also  contribute 
contaminants  to  effluents,  there  may  not  be  an  overall  improvement  in  water  quality. 
Therefore,  water  treatment  chemical  changes  are  not  recommended.  Phosphorus  levels 
in  effluents  average  less  than  0.6  mg/L,  and  practical  technologies  for  further  removal  of 
phosphorus  in  industrial  effluents  were  not  identified. 

TSS:  Total  suspended  solids  levels  of  25  mg/L  in  effluents  were  typical  of  those  achiev- 
able in  settling  pond  systems  and  were  not  significantly  different  from  intake  water 
(Table  A4).  Additional  solids  removal  could  likely  be  achieved  through  effluent  filtra- 
tion. However,  a  chemical  coagulant  may  be  required  to  improve  filterability  of  solids 
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and  achieve  a  significant  improvement  in  removal  efficiency.  Thus,  if  chemical  treatment 
were  used,  offsite  disposal  of  chemical  sludges  would  be  required. 

Because  TSS  levels  are  similar  to  intake  water  and  there  are  potential  negative  environ- 
mental impacts  associated  with  chemical  addition  and  sludge  removal,  additional  TSS 
treatment  was  not  recommended. 

Metals:  One  source  of  metals  in  final  effluents  is  the  raw  water  used  at  the  plant,  which 
contains  similar  levels  of  aluminum  and  zinc.  Other  sources  may  include  impurities  in 
the  raw  materials  used  in  the  production  of  hydrofluoric  acid,  and  in  brine  impurities 
contained  in  the  brine  muds  used  to  neutralize  the  hydrofluoric  acid  plant  wastewaters. 
The  source  of  some  metal  contaminants,  particularly  high  levels  of  boron  and  strontium, 
have  not  been  identified. 

Arsenic  and  antimony  are  compounds  that  are  typical  of  hydrofluoric  plant  effluents  and 
originate  from  raw  materials  (Ref.  4).  Information  on  whether  the  use  of  an  alternative 
raw  material  source  could  be  used  to  reduce  contaminant  levels  was  not  identified. 

A  large  portion  of  molybdenum  is  likely  originating  from  water  treatment  chemicals  used 
in  cooling  tower  make-up  water.  This  chemical  has  recently  been  implemented,  to  miti- 
gate environmental  impacts  associates  with  chromium  based  treatment  chemicals  (Ref. 
2).  Alternatives  to  molybdate  based  chemicals  may  exist,  and  could  be  investigated  for 
reduction  of  molybdenum  in  final  effluents.  However,  all  treatment  chemical  alternatives 
will  still  result  in  addition  of  contaminants  to  effluents.  Since  there  is  no  clear  advantage 
to  using  other  treatment  chemicals,  no  changes  are  recommended  under  BAT  Option  4. 

Demonstrated  technologies  for  the  removal  of  dilute  levels  of  most  metal  contaminants 
(Al,  Cd,  Cu,  Mo,  Ni,  Zn,  As,  and  Sb)  from  industrial  wastewater  were  not  identified  in  a 
exhaustive  global  search.  Furthermore,  technologies  used  specifically  for  the  removal  of 
strontium  and  boron  fi-om  industrial  effluents  were  not  identified.  ChemicaJ  coagulation 
and  flocculation  technologies  may  be  available  for  removing  these  metals.  However,  the 
negative  environmental  impacts  associated  with  this  type  of  treatment  outweigh  the  bene- 
fits of  removal. 

The  source  of  mercury  in  effluents  is  unknown;  however,  a  review  of  materials  used  at 
General  Chemical  and  Allied  Chemicals  did  not  suggest  that  plant  operations  are  a 
source  of  these  contaminants.  A  pollution  prevention  approach,  involving  an  audit  of 
poUutant  sources  and  implementation  of  source  controls,  is  recommended  for  reduction 
of  mercury.  Since  low  levels  of  mercury  were  measured  in  effluent  streams  discharged 
from  Allied  Chemicals  and  General  Chemical,  it  is  likely  that  these  pollutants  are  con- 
tributed from  storm  water,  and  therefore,  the  main  focus  of  the  audit  should  be  within  a 
Storm  Water  Control  Study.  Demonstrated  industrial  wastewater  treatment  technologies 
for  removal  of  mercury  at  the  dilute  concentrations  present  in  General  Chemical 
effluents  were  not  identified  in  a  global  search. 
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Oil  and  Grease:  Oil  and  grease  was  present  at  low  levels  (4  mg/L)  in  the  hydrofluoric 
acid  pond  overflow  stream  (PR0300).  Oil  and  grease  may  be  contributed  from  a  variety 
of  sources,  including  storm  water  runoff  and  leaks  and  spills  of  oil  used  for  equipment 
lubrication.  Best  management  practices  are  recommended  for  control  of  oil  and  grease 
discharges  inside  the  plant.  In  addition,  implementation  of  controls  for  oil  and  grease 
contribution  storm  water  should  be  included  in  a  Storm  Water  Control  Study. 

Chloride,  Fluoride  and  Sulphate:  Based  on  current  operation,  the  primary  source  of 
chloride  in  the  hydrofluoric  acid  pond  bleed  stream  is  likely  the  brine  muds  used  for 
neutralization.  In  Scenario  2,  where  Allied  Chemicals  would  operate  independently  of 
General  Chemical,  Ume  would  be  used  for  neutralization.  Under  this  scenario  chloride 
levels  would  be  similar  to  those  in  intake  water  and  therefore,  chloride  reduction  would 
not  be  necessary  in  this  scenario. 

Both  fluoride  (12.2  mg/L)  and  sulphate  (2,020  mg/L)  originate  from  the  hydrofluoric  acid 
furnace  process.  These  contaminants  are  treatable  using  the  following  total  dissolved 
solids  removal  technologies: 

•  Preconcentration  of  the  waste  stream  using  reverse  osmosis,  ion  exchange 
or  electrodialysis.  Flow  rates  of  residuals  requiring  further  treatment  will 
total  approximately  10  to  30  percent  of  the  original  flow. 

•  Further  concentration  of  the  waste  stream  through  evaporative  technol- 
ogies such  as  vapour  compression  evaporation  or  steam-driven  evaporation. 

•  Crystallization  of  the  concentrated  waste  stream  through  the  use  of  spray 
dryers  or  equivalent  technologies. 

•  Disposal  of  resulting  solid  wastes. 

Preconcentration  technologies  require  careful  control  of  operating  conditions  to  avoid 
fouling  or  deterioration  of  membranes  or  resins  and  may  require  additional  pretreatment 
steps  such  as  removal  of  solids  and/or  organics.  All  of  these  technologies  are  both 
energy  and  labour  intensive.  These  added  operational  and  technological  complexities  are 
not  likely  to  be  offset  by  the  improvements  in  wastewater  quality  which  would  result  at 
Allied  Chemicals.  Furthermore,  other  demonstrated  technologies  for  the  treatment  of 
these  contaminants  at  similar  levels  in  industrial  wastewaters  were  not  identified.  Thus, 
BAT  Option  4  does  not  include  measures  for  further  control  of  dissolved  solids  such  as 
fluorides  and  sulphates. 
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3.4^  Genetron™  Plant 

Scenario  1 

Where  Genetron^^  process  effluents  are  transferred  to  General  Chemical,  the  hydro- 
chloric acid  scrubber  stream  would  continue  to  be  used  by  General  Chemical  in  the  pro- 
duction of  calcium  chloride.  Effluents  from  the  calcium  chloride  process,  in  addition  to 
the  Genetron^^  sump  effluents  are  settled  in  the  soda  ash  settling  basin.  Under  General 
Chemical's  BAT  Option  4  (Ref.  5),  these  streams  would  be  further  treated  for  TDS 
removal,  and  reused  as  raw  water  to  plant  processes  (i.e.  no  effluent  discharge). 

Although  zero-discharge  of  process  contaminants  to  receiving  waters  would  be  achieved, 
technologies  for  removal  of  those  contaminants  that  would  be  transferred  to  the  environ- 
ment in  air  emissions  or  solids  waste  would  need  to  be  considered.  These  contaminants 
include: 

•  Volatile  organic  compounds 

•  Trace  extractable  organics  and  dioxins  and  furans 

•  Phenolics 

•  Mercury. 


Volatile  Organics:  Technologies  for  removal  of  volatile  organic  compounds  recom- 
mended under  BAT  Option  1  are  also  recommended  in  BAT  Option  4. 

Trace  Extractable  Organics  and  Dioxins:  Trace  extractable  organic  compounds  (at  the 
ng/L  level)  and  dioxin. compounds  (at  the  pg/L  level)  were  detected  in  both  Genetron^^ 
process  effluent  streams.  The  sources  of  these  compounds  are  not  readily  identifiable 
based  on  a  review  of  the  raw  materials  and  processes.  However,  because  most  of  these 
compounds  were  detected  only  in  Genetron  process  effluents  and  not  in  other  streams 
at  AUied  Chemicals  or  General  Chemical,  their  formation  within  the  Genetron^^  process 
is  probable.  A  detailed  review  by  the  plant  is  necessary  to  identify  the  mechanism  for 
formation  of  these  compounds,  and  if  possible,  control  methods. 

Treatment  methods  for  reduction  of  these  compounds  in  wastewater  include  GAC 
adsorption,  and  TSS  removal,  because  these  compounds  are  often  adsorbed  on  solids. 
Both  of  these  technologies  have  already  been  recommended  under  BAT  Option  4  for  the 
control  of  volatile  organic  compounds. 

Phenolics:  Low  levels  (<43  jig/L)  of  total  phenolics  were  present  in  both  streams.  In 
the  Genetron^^  sump  effluents,  a  specific  phenolic  source  was  not  identified.  However, 
phenols  could  be  associated  with  low  levels  of  oil  and  grease  in  effluents.  In  the  hydro- 
chloric acid  stream,  phenolics  sources  were  not  identified  in  a  review  of  materials  used  at 
the  plant.  However,  phenolics  are  likely  related  to  the  process.  In  both  cases,  source 
control  cannot  be  precisely  defined. 
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Significant  reduction  of  phenolics  wil]  take  place  in  the  GAC  contactors  and  therefore, 
no  other  treatment  is  recommended. 

Mercury:  Sources  of  mercury  were  not  identified  in  the  Genetron™  sump  stream.  Mer- 
cury, was  detected  at  low  levels  in  nearly  all  wastewaters  generated  at  Allied  and  General 
Chemical.  Since  it  is  not  likely  process  related,  mercury  sources  and  control  methods 
should  be  identified  within  a  Storm  Water  Control  Study.  Technologies  for  reducing 
mercury  in  industrial  wastewaters  at  concentrations  less  than  5  jig/L  were  not  identified 
in  a  global  search. 


Scenario  2 

As  described  for  BAT  Option  1,  TSS  removal  from  the  Genetron™  sump  stream  and 
carbon  treatment  of  both  streams  would  also  be  included  in  BAT  Option  4  for  volatile 
organic  compound  removal.  Reduction  of  other  contaminants  detected  in  each  of  the 
effluent  streams  also  needed  to  be  considered  under  BAT  Option  4.  Contaminants 
detected  in  these  streams  include: 

Phenolics 

Trace  extractable  organics  and  dioxins  and  furans 

Metals 

Oil  and  grease 

Total  dissolved  solids. 

Removal  of  phenolics  and  trace  extractable  organics  and  dioxin  furan  compounds  in  the 
GAC  contactor,  as  discussed  for  Scenario  1,  also  applies  to  Scenario  2.  In  addition,  mer- 
cury reduction  in  a  Storm  Water  Control  Study  is  also  recommended. 

Metals:  Many  metals,  including  aluminum,  copper,  boron  and  zinc  were  likely  contrib- 
uted to  effluents  primarily  from  the  raw  water  source.  In  a  thorough  review  of  plant 
processes  and  raw  materials,  the  primary  sources  of  low  levels  of  other  metal 
contaminants,  such  as  cadmium,  chromium,  strontium,  arsenic  and  mercury  were  not 
identified.  However,  with  the  exception  of  mercury  in  the  Genetron™  sump  stream,  all 
metal  contaminants  were  present  in  both  streams.  This  suggests  that  these  metals  are 
contributed  in  the  process.  A  more  detailed  review  of  the  process,  raw  materials  quality 
and  equipment  materials  is  necessary  to  identify  sources  of  these  contaminants,  so  that 
source  controls,  if  possible,  can  be  developed. 

Antimony,  present  in  both  process  wastewaters  likely  originates  from  the  antimony  penta- 
chloride  catalyst  used  in  the  manufacture  of  certain  Genetron^^  products.  A  detailed 
understanding  of  the  production  process  is  necessary  to  establish  whether  alternate  cata- 
lysts are  available  and  would  contribute  less  contamination  to  process  effluents.  This 
evaluation  must  be  carried  out  by  AUied  Chemicals.  Within  the  scope  of  this  study,  other 
methods  for  source  control  of  antimony  were  not  considered. 
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Some  removal  of  metal  components  in  the  Genetron™  sump  stream  will  be  achieved 
through  neutralization  and  settling  of  metal  precipitates.  In  addition,  some  removal  of 
metals  from  both  streams  will  occur  through  adsorption  on  the  GAC  contactor,  and 
through  TSS  removal  as  a  result  of  the  filtering  action  of  GAC  media.  Demonstrated 
technologies  for  further  removal  of  these  contaminants  from  industrial  wastewater  were 
not  identified  in  a  global  search.  However,  technologies  for  elimination  of  the  hydro- 
chloric acid  stream  from  discharge  (to  be  discussed)  would  also  eliminate  metal  dis- 
charges from  this  stream. 

Oil  and  Grease:  Oil  and  grease  levels  in  both  effluent  streams  were  low  (<  3  mg/L),  and 
not  significantly  different  from  intake  water  quality.  Absorbtion  technologies  are  avail- 
able for  further  reducing  oil  and  grease.  However,  because  effluent  loadings  from  the 
Genetron^^  plant  are  very  low  (0.7  kg/d  total),  these  technologies  are  not  considered  to 
be  practical. 

Total  Dissolved  Solids:  Generally  total  inorganic  contaminants  in  the  Genetron^^  sump 

effluents  (PROIOO),  with  the  exception  of  fluoride  (45  mg/L),  were  not  excessive.  For 
many  months  of  the  MISA  monitoring  period,  mean  fluoride  levels  less  than  10  mg/L 
were  achieved.  High  fluoride  excursions  were  likely  related  to  poor  TSS  removal  and 
acidic  pH  values.  TSS  removal  has  already  been  recommended  for  this  stream  in  Scen- 
ario 2.  Lime  addition  for  fluoride  removal  is  the  recommended  technology  for  the 
hydrofluoric  acid  plant  effluents  (PR0300).  Rather  than  implement  a  second  lime  treat- 
ment system  in  the  Genetron^^  plant,  transfer  of  this  stream  (after  GAC  treatment)  to 
the  hydrofluoric  acid  plant  wastewater  treatment  system  is  recommended. 

Because  the  second  Genetron^^  process  stream  (PR0600)  is  a  hydrochloric  acid  solution, 
dissolved  solids  (i.e.  chloride)  levels  are  high.  Options  identified  for  reducing  dissolved 
solids  discharged  from  this  stream  include: 

•  Neutralization  and  TDS  removal  in  a  brine  concentrator,  and  disposal  of 
solid  waste  residue. 

•  Eliminating  the  source  of  the  stream  by  selling  the  hydrochloric  acid  sol- 
ution. 

•  Implementation  of  a  calcium  chloride  production  process  for  chloride  re- 
covery. 

The  least  cost  solution  is  to  identify  a  market  and  sell  the  carbon  treated  hydrochloric 
acid  stream.  Within  the  scope  of  this  study,  it  cannot  simply  be  assimied  that  a  market 
exists,  and  therefore,  this  alternative  was  not  considered  further. 

At  one  "sister"  U.S.  chlorofluorocarbon  manufacturing  facihty,  a  calcium  chloride  produc- 
tion plant  was  implemented  that  uses  the  waste  acid  as  a  raw  material  (Ref.  3).  The 
process  involves  reacting  limestone  with  hydrochloric  acid  to  create  calcium  chloride 
solution  for  sale. 
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Neutralization  and  concentration  of  salt  residues  is  a  third  alternative  available  for  ad- 
dressing the  high  TDS  concentration  in  the  HQ  stream.  This  technology  would  result  in 
a  high  quality  effluent  stream  available  for  reuse  in  the  plant,  and  a  sobd  residue  requir- 
ing disposal. 

Under  BAT  Option  4,  implementation  of  a  calcium  chloride  production  process  for  re- 
covering chloride  from  the  hydrochloric  acid  stream  is  recommended.  This  process  is 
more  desirable  from  a  cost  standpoint,  since  it  produces  a  saleable  product,  rather  than 
a  solid  waste  requiring  disposal. 


3.4-3  Summary 

For  Scenario  1,  the  following  technologies  are  recommended  for  maximum  removal  of 
contaminants  under  BAT  Option  4. 

•  No  change  to  existing  hydrofluoric  acid  plant  effluent  treatment  system 
(PR0300). 

•  Settling  and  GAC  adsorption  of  Genetron^'^  process  sump  effluents 
(PROIOO). 

•  GAC  adsorption  of  the  hydrochloric  acid  scrubber  stream  (PR0600). 

In  Scenario  2,  if  Allied  were  to  discharge  effluents  directly  from  their  site,  and  operate 
independently  of  General  Chemical,  BAT  Option  4  would  include  the  following  technol- 
ogies: 

•  Implementation  of  lime  addition  to  the  residue  sump  for  treatment  of 
hydrofluoric  acid  plant  effluents  (PR0300). 

•  Settling  and  GAC  adsorption  of  Genetron^^  process  sump  effluents,  fol- 
lowed by  mixing  with  the  hydrofluoric  acid  plant  effluents  for  lime  treat- 
ment (PROIOO). 

•  GAC  adsorption  of  hydrochloric  acid  scrubber  stream. 

•  Reuse  of  treated  hydrochloric  acid  scrubber  effluent  in  the  production  of 
calcium  chloride  (PR0600). 


3.5  BAT  Options  5 

BAT  Option  5  includes  those  technologies  that  would  move  the  facility  furthest  towards 
zero-discharge  of  wastewater  pollutants. 
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Scenario  1 

Under  the  current  operation  where  wastewater  management  at  Allied  Chemicals  and 
General  Chemical  are  interdependent,  zero-discharge  would  be  achieved  according  to  the 
recommended  BAT  Option  5  for  General  Chemical  (Ref.  5).  In  this  option,  TDS 
removal  from  soda  ash  settling  basin  effluents  in  a  six  effect  evaporator  would  result  in  a 
high  quality  effluent  stream  available  for  reuse  in  the  plant,  and  ultimate  zero-discharge 
of  process  effluents.  In  addition,  prior  treatment  of  these  effluent  streams  with  activated 
carbon  as  described  in  BAT  Option  4  will  reduce  the  release  of  organic  contaminants  to 
the  environment  through  cross  media  transfer. 


Scenario  2 

In  Scenario  2,  where  Allied  would  operate  independently,  the  treated  hydrofluoric  acid 
plant  effluents  combined  with  the  Genetron^^  sump  stream  be  the  only  discharge  stream 
(according  to  BAT  Option  4).  A  portion  of  this  stream  is  currently  recycled  at  the  plant. 
However,  raw  water  is  still  used  to  supplement  this  recycle  water  for  scrubbing  and  gyp- 
sum slurring,  indicating  that  a  greater  proportion  of  wastewater  recycle  is  possible. 

When  lime  treatment  is  used,  equipment  scaling  has  been  shown  to  be  a  limiting  factor 
in  increasing  recycle  rates.  During  the  development  of  U.S.  effluent  regulations  in  the 
1970s,  one  plant  had  achieved  complete  recycle  with  the  use  of  soda  ash  instead  of  lime 
(Ref.  4).  The  evaluation  of  lime  treatment  versus  soda  ash  treatment  with  respect  to 
scaling  would  need  to  be  considered  by  Allied  Chemicals.  In  addition,  a  detailed  review 
of  the  wastewater  management  in  terms  of  flow  balancing  must  be  evaluated  to  identify 
appropriate  flow  control  methods  to  maximize  recycle  rates  and  possibly  achieve  zero-dis 
charge.  Maximizing  recycle  of  hydrofluoric  plant  effluents  is  recommended  under  BAT 
Option  5. 

It  is  noteworthy  that  dry  handling  of  kiln  residues  in  the  manufacture  of  hydrofluoric  acid 
has  been  used  in  the  U.S.  (Ref.  5)  and  is  used  at  many  European  plants  (Ref.  6).  Dry 
handling  involves  mixing  the  kiln  effluents  with  lime,  and  the  dried  solids  may  be  landfil- 
led.  In  Europe,  this  material  has  also  been  marketed  as  filler  material  in  concrete  struc- 
tural panels.  Dry  handling  is  more  labour  intensive,  and  residual  sulphur  trioxide  and 
hydrogen  fluoride  in  the  solids  create  safety,  handling  and  storage  concerns.  For  these 
reasons,  and  because  there  would  not  likely  be  a  market  for  these  wastes  in  Ontario 
because  of  the  relatively  inexpensive  and  available  supply  of  construction  materials,  dry 
handling  of  kiln  effluents  is  not  recommended. 


3.6  Summary  of  BAT  Options 

Table  3  presents  a  summary  of  BAT  Options  recommended  for  Allied  Chemicals  Canada 
Ltd. 
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Table  3 
Summary  of  BAT  Options  for  Allied  Chemicals  Canada  Ltd. 

BATOpUon 

DeOnlUon 

Description 

Scenariol 

Scenarios 

1 

Least  cost  producing 
non-lethal  cfDuents. 

No  option  deCned. 

No  option  defined. 

2 

U.S.  BAT. 

HF  EfDuent  (PR0300) 

•  No  change  to  existing  system. 

•  (Soda  ash  settling  basin  at  General 
Chemical)^ 

Genetron^^  Sump  (PROIOO) 

•  Settling 

•  GAC  contactor. 

•  (Soda  ash  settling  basin  at  General 
Chemical)' 

HCI  Scnibbcr  (PR0600) 

•  GAC  contactor. 

•  (Calcium  chloride  process  at  General 
Chemical)' 

HF  Effluent  (PR0300) 

•  Lime  precipitation  of  effluents  in 
existing  system. 

Genetron'^^  Sump  (PROIOO) 

•  Settling 

•  GAC  contactor 

•  Combine  with  PR0600  for  neutral- 
ization. 

HCI  Scrubber  (PR0600) 

•  GAC  contactor 

•  Combine  with  PROIOO  for  neutral; 
ization. 

3 

Best  demonstrated  in 
Ontario. 

No  change  existing  system. 

No  change  to  existing  system. 

4 

Maximum  reduction 
of  contamiiunts. 

HF  Effluent  (PR0300) 

•  No  change  to  existing  system  (assum- 
ing TDS  removal  at  General  Chemi- 
cal)'. 

Genetron^^  Sump  (PR0700) 

•  Settling 

•  GAC  contactor 

•  (assuming  TDS  removal  at  General 
Chemical)'. 

HQ  Scnibbcr  (PR0600) 

•  GAC  contactor 

•  (Calcium  chloride  process  at  General 
Chemical)'. 

HF  Effluent  (PR0300) 

•  Lime  precipitation  of  effluents  in 
existing  system. 

Genetron^^  Sump  (PROIOO) 

•  Settling 

•  GAC  Contactor 

•  Mixing  with  HF  wastewater  treat- 
ment process. 

HCI  Scrubber  (PR0600) 

•  GAC  contactor 

•  Eliminate  HQ  stream  by  imple- 
menting calcium  chloride  produc- 
tion facility. 

5 

Furthest  towards 
zcro-dischar:ge  of 
pollutants. 

Same  as  BAT  Option  4,  with  maximum 
recycle  of  HF  pond  effluents. 

Same  as  BAT  Option  4,  with  maxi- 
mum recycle  of  HF  pond  effluents. 

Notes: 
I.    Ref.  5. 

4.0 


BAT  OPTIONS 


BAT  Option  1  was  undefined,  and  no  changes  to  the  existing  system  were  included  in 
BAT  Option  3.  The  following  sections  present  projected  performance  and  cost  estimates 
for  implementation  of  BAT  Options  2,  4  and  5. 
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4.1  BAT  Option  2 

Figure  Al  in  the  Appendix  presents  a  schematic  of  the  technologies  included  for  both 
Scenarios  in  BAT  Option  2. 


4.1.1  Hydrofluoric  Acid  Plant  -  Lime  Treatment 

Description 

In  Scenario  2,  brine  muds  from  General  Chemical  would  not  be  available  for  neutraliz- 
ation of  effluents.  The  existing  residue  pit  system  would  be  used  for  lime  treatment. 
The  system  would  be  required  to  treat  approximately  14,000  m-'/d  of  gypsum  slurry  water, 
mixed  with  approximately  1,000  m^/d  of  wastewater  from  other  sources,  including 
scrubber  water,  cooling  tower  blowdown,  wash  water  and  some  storm  water  runoff  (Ref. 
2). 

The  lime  system  would  include  the  following  components: 

Lime  storage  silo 

Screw  feeder 

Slurry  tank 

Two  slurry  pumps 

pH  probe  and  dosage  controller 

Lime  requirements  were  calculated  based  on  an  untreated  effluent  fluoride  concentration 
of  2,400  mg/L  (Ref.  6),  and  assuming  correct  stoichiometric  ratios  to  achieve  a  neutral 
effluent.  This  results  in  a  lime  demand  of  0.9  t/d.  Assuming  greater  than  one  month  sto- 
rage capacity  in  the  lime  silo,  a  storage  volume  of  approximately  50  m^  is  required. 

Performance 

The  reported  effluent  quality  resulting  from  current  treatment  with  brine  muds,  shown  in 
Table  A2,  is  predicted  to  be  achievable  with  lime  treatment. 


Costs 

Capital  and  operating  costs  estimated  for  the  lime  storage  silo  and  feed  system  are  pre- 
sented in  Table  4. 
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Table  4 

Estimated  Costs  for  the  Lime  Storage  Silo  and  Feed  System  for  Treating 

Hydrofluoric  Acid  Plant  Effluents 

Component 

Cost 

Capital  costs^*^ 

Includes  lime  storage  silo,  feeder,  slurry  tank,  flow  meters,  pump 
and  control  panel. 

5260,000 

Operating  costs 

Lime  (Sl50/t) 

S50,000/y 

Notes: 

1.           Includes  35  percent  installation,  30  percent  estimating  contingency,  15  percent  engineering 

and  7  percent  G.S.T. 
1           ENR  CGI  6343. 

4.1.2 


Genetron^  Plant  Sump  Effluent  (PROIOO)  Settling 


Description 

Sedimentation  of  solids  in  the  Genetron^^  sump  effluent  stream  is  required  to  reduce 
suspended  solids  levels  to  less  than  50  mg/L,  to  avoid  fouling  of  the  GAC  contactor 
downstream.  For  the  purposes  of  costing,  a  steel  circular  above  groimd  clarifier  with 
scraper,  drive  and  bottom  rake  (thickener)  sized  for  typical  overflow  rates  at  the  maxi- 
mum flow  rate  observed  over  the  12  months  monitoring  period  was.  assumed.  Table  5 
presents  the  design  characteristics. 


Table  5 
Design  Characteristics  of  Clarifier  for  Genetron^^  Sump  Effluents 

Item 

Value 

Diameter 

3.8  m 

Overflow  rate  at  549  m^/d  (peak) 
Overflow  rate  at  191  m-^/d  (average) 

49  m^/m^/d 
17  m^/m^/d 

Weir  loading  rate  at  549  m^/d  (peak) 
Weir  loading  rate  at  191  m^/d  (average) 

46  m  W/d 
16  mW/d 

Sludge  generation  (assuming  5%  solids) 

a9  m^/d                    1 
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Performance 

Sedimentation  of  solids  is  projected  to  achieve  an  average  TSS  concentration  of  20  mg/L. 
Actual  performance  will  depend  on  settleability  of  solids,  and  should  be  determined  using 
jar  tests. 


Costs 

The   estimated    capital    and   operating   costs   for   implementing   a   clarifier   to    treat 
Genetron^^  process  effluents  (PROIOO)  are  presented  in  Table  6. 


Table  6 
Estimated  Costs  for  Implementation  of  Clarifier  for  Treatment  of  Genetron™ 

Sump  Effluents' 

Item 

Cost 

Capital  cost,  includes  steel  clarifier,  above  ground,  3.8  m  diameter,  scraper 
and  drive. 

5210,000^ 

Operating  costs 

Energy,  maintenance 
Sludge  disposal  (@  S350/m^ 

S4,000/y 
Sll5,(XX)/y 
Sll9,000/y 

Notes: 

1.           Ref.  7. 

1          Includes  15  percent  engineering,  35  percent  installation,  30  percent  contingency  allowance 

and  7  percent  G.S.T. 
3.           ENR  CCI  6343. 

4.13  Genetron™  Eflluents  (PROIOO  and  PR0300)  -  GAC  Adsorption 

Description 

In  BAT  Option  2,  GAC  adsorption  was  recommended  for  treatment  of  each  individual 
process  streams  (PROIOO  and  PR0600)  for  removal  of  volatile  organic  compounds. 

Separate  carbon  treatment  systems  are  required  for  two  reasons: 

•  Each  process  wastewater  is  managed  differently  in  the  current  system. 
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•  Mixing  of  the  acid  and  neutral  stream  before  carbon  treatment  would  likely 

result  in  the  evolution  of  gases  and  vapour,  that  would  also  contain  volatile 
organics.  An  additional  air  collection  and  treatment  step  would  be 
required  to  prevent  releases  of  volatile  organics  to  air. 

Despite  the  relatively  small  flow  rates  of  both  streams,  large  carbon  contactor  systems 
are  required  based  on  the  adsorption  capacity  of  carbon  and  the  adsorptive  nature  of 
many  of  the  volatile  compounds  present  in  the  system. 

The  contactors  were  approximately  sized  for  the  purpose  of  costing  based  on  the  weight 
of  carbon  needed  to  adsorb  one  of  the  least  adsorbent  molecules  present  at  high  concen- 
trations. Chloroform  was  selected,  since  it  contributed  the  highest  individual  contaminant 
loading  in  the  Genetron-"^  sump  process  stream.  An  arbitrary  regeneration  frequency  of 
14  days  was  also  assumed.  Less  frequent  regeneration  rates  would  increase  the  carbon 
bed  size,  while  more  frequent  rates  would  increase  operating  costs. 

The  theoretical  adsorption  isotherms  represented  by  the  Fruendlich  adsorption  equation 
were  used  to  calculate  carbon  requirements.  The  design  features  of  the  GAC  contactor 
systems  for  each  of  the  two  Genetron^^  process  streams  are  presented  in  Table  7. 


Table  7 
Design  Features  of  GAC  Contactor  Systems  for  Genetron^^  Process  Effluents 

Component 

Genetron^^  Sump  PROIOO 

HCl  Scrubber  PR0600 

GAC  weight 

2,100  kg 

3,800  kg 

Number  of  contactors 

2  @  2,100  kg  GAC 

2  @  3,800  kg  GAC 

Regeneration  frequency  (per  contactor) 

1/month 

1/month 

Two  options  are  usually  available  for  regenerating  exhausted  carbon.  In  the  first  option, 
the  carbon  supplier  would  pick-up  GAC  media  and  replace  with  regenerated  media  as 
required.  This  option  would  not  be  available  to  AUied  Chemicals,  because  regeneration 
of  GAC  containing  dioxin  compounds  is  not  carried  out  in  Ontario  (Ref.  9).  TTiese  com- 
pounds are  present  in  both  effluent  streams  and  would  be  readily  adsorbed  to  GAC 
media;  therefore,  either  disposal  or  onsite  GAC  regeneration  is  reqtiired.  For  the  pur- 
poses of  costing,  an  onsite  system  was  considered. 

Regeneration  of  activated  carbon  involves  washing  GAC  and  air  scouring,  feeding  GAC 
into  a  furnace,  water  quenching  GAC  from  the  furnace  and  hydrauhcally  transporting 
media  back  to  carbon  unit.  Virgin  GAC  is  added  to  replace  attrition  losses. 
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A  variety  of  furnace  designs  have  been  used.  For  the  purposes  of  this  study,  a  multiple 
hearth  furnace  was  assumed.  To  meet  air  emission  requirements,  particularly  when 
associated  with  the  presence  of  dioxins,  a  tailgas  afterburner  is  required.  It  is  important 
to  note  that  obtaining  approval  for  the  facility  where  dioxins  are  present  in  the  wastes 
may  be  a  long  term  and  costly  undertaking. 


Performance 

Performance  efficiencies  for  the  GAC  filter  media  were  theoretically  determined  using 
the  Fruendlich  adsorption  equation  and  the  empirical  constants  presented  in  Ref.  8.  In 
reality,  the  presence  of  competing  organics  will  Umit  the  removal  performance,  and  will 
shorten  the  effective  life  span  of  the  media.  The  actual  performance  and  the  effective 
life  time  that  can  be  achieved  will  vary  depending  on  the  wastewater  characteristics  and 
can  only  be  determined  through  testing. 

The  projected  performance  resulting  fi-om  the  implementation  of  the  GAC  filter  on  the 
two  Genetron^^  streams  is  presented  in  Table  8.  Some  removal  of  metals  will  also  be 
achieved  in  the  GAC  contactors,  although  theoretical  isotherm  data  were  unavailable  for 
calculation  of  removal  efficiencies. 


Costs 

Capital  and  operating  costs  were  estimated  for  implementation  of  the  GAC  contactor 
systems  for  each  process  stream,  in  addition  to  a  carbon  regeneration  facility.  These 
costs  are  presented  in  Table  9. 


4.1.4  Neutralization  of  Combined  Genetron™  Process  Eflluent  Streams  (PROIOO 

and  PR0600) 

Description 

In  Scenario  2  only,  neutralization  of  the  HQ  stream  was  also  recommended  in  BAT 
Option  2  prior  to  direct  discharge  from  Allied  Chemicals.  As  shown  in  Figure  Al,  this 
would  be  accomplished  by  mixing  the  two  Genetron^^  effluent  streams,  and  addition  of 
a  caustic  slurry  to  further  adjust  the  pH. 

The  neutralization  system  consists  of  a  rapid  mix  tank.  The  pH  in  the  tank  is  monitored 
continuously  and  controls  the  rate  of  caustic  slurry  feed  into  the  pipe  upstream  of  the 
tank.  The  combined  neutralized  effluent  would  be  discharged  directly. 
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Table  8 
Projected  Performance  of  GAC  Adsorption  on  Genetron™  EQluent  Streams 


Panuncier 


Oibromochloromethane 
(kg/d) 
(tigA-) 


Chlorometbane 
(kg/d) 
(ligA-) 


ChJoroform 

(kg/d) 
(ng/L) 


Carbon  (etrachJoride 
(kg/d) 
(Hg/L) 


Methylene  chJoride 
(kg/d) 
(|ig/L) 


Bromometbane 
(kg/d) 
(lig/L) 


Bromoform 

(kg/d) 
(l^g/L) 


TrichloroQuoromethane 
(kg/d) 

(ugA-) 


Tetiachloroethylene 
(kg/d) 
(Hg/L) 


TrichJoroethylcne 
(kg/d) 
((igA-) 


trans-l^-Dichloroethylene 

(kg/d) 

(Iig/L) 


Vinyl  chloride 
(kg/d) 
(ligA.) 


-DichloFoethaoe 
(kg/d) 
(ugA-) 


-Dichloroethylene 
(kg/d) 
(ligA^) 


Gcoetroo  Samp  (PROIOO) 


InXIaent 
QuaUtjr^ 


0^1 
1,400 


0.016 
114 


0.019 
136 


0.027 
192 


0.792 
4,610 


0.106 
736 


0.058 
389 


0.219 

1,240 


0.019 
136 


0.034 

235 


0.016 
114 


0.027 
192 


0.013 
92 


0.016 
114 


Effluent 
QnaUty2 


n.d. 
n.d. 


<  0.000 
0.11 


0.002 
13 


n.d. 
D.d. 


0.080 
420 


0.002 


0.067 
352 


0.007 

3.7 


<  0.0000 
0.02 


<0.0000 
0.12 


0.0004 

2 


n.d. 
n.d. 


0.0006 
3J 


0.0002 
0.84 


RedBctioa 


>99.9% 


98.7% 


90% 


Ha  Scniiber  (PROCOO) 


Influent 
Quality^ 


1-548 
38,800 


0.121 
2,740 


0.141 
3,010 


0.191 
3,680 


Effluent 
Qaality^ 


n.d. 
D.d. 


<  0.0001 

<2 


Redaction^ 


0.0018 
29 


98.6% 


0% 


0.991 
15400 


0.192 
3,130 


1.192 
18400 


5412 
88,700 


>99.9% 


>99.9% 


98% 


95% 


n.d. 
n.d. 


0.099 

1484 


0.0027 
43 


1.192 
18400 


0.017 

272 


0.141 
3.010 


0.256 
6,250 


0.121 
2,740 


0.191 
3,680 


99% 


0.101 
2,470 


<0.0001 

<2 


<  0.0003 
<5 


0.0024 
38 


n.d. 
n.d. 


0.0051 

82 


0.121 
2,740 


0.0012 
19 


98.7% 


90% 


0% 


99.7% 


>99.9% 


98%' 


95% 


99% 
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Table  8 
Il      Projected  Performance  of  GAC  Adsorption  on  Genetron^^  Effluent  Streams 

Parameter 

Gcneln»  S«mp  CPKOIOO) 

HQ  Scnbbcr  (PROMO)               | 

Infloeot 
Qo«Utj4 

Effloenl 
Qiulily^ 

UMdlDC 

ÎUàaction 

Infloeni 
Qaalll]4 

EfllBcnt 
Qulity^ 

,1^-Tnchlorocihane 
(k«/d) 
(^g/d) 

0.018 

125 

0.0OO2 

1.2 

98.7% 

0.131 
2.880 

0.0017 

27 

98.7% 

.  1 2^-Teirachloroethane 
(k«/d) 
(ng/d) 

0.019 

129 

<  0.0000 
0.006 

>99.9% 

0.184 
4.230 

<  0.0002 
<3 

>99.9% 

2-Dichiorocihanc 
(k«/d) 
(l*g/d) 

0.015 
103 

0.003 

13 

83% 

0.111 
i610 

0.019 
304 

83% 

,2-Dichloropropane 

(k«/d) 
(lig/d) 

0.013 
92 

0.0OO2 
0.88 

99% 

0.101 
2.470 

0.001 
16 

99% 

TS-lJJ-Dichloropropvlene 
(kg/d) 
(ng/d) 

0.067 

477 

0.0005 
2.6 

99  J% 

0J23 
1Z600 

0.0037 
59 

99J% 

rans-13-Dichloropropylene 
(k«/d) 
(lig/d) 

0.016 
114 

<  0.0000 
0.14 

99.8% 

0.121 
2,740 

0.0002 
4 

99.8% 

inuorobcnzcne 
(kg/d) 
(>»g/d) 

0.015 
103 

0.0002 
1.0 

98.7% 

0.111 
2,610 

0.0014 

22 

98.7% 

Elhylcne  dibromide 
(kg/d) 
(tig/d) 

0.015 
103 

D.d. 
D.d. 

D.d. 

0.111 
2.610 

D.d. 
D.d. 

u.d. 

.2-Dichlorobenzenc 
(kg/d) 
(lig/d) 

0.035 
246 

<0.0000 
0.0OO4 

>99.9% 

0.266 
6390 

<  0.0003 
<5 

>99.9% 

3-DichJorobcnzcne 
(kg/d) 
(l*g/d) 

0.041 

286 

<  0.0000 
0.0001 

>99.9% 

0J12 
7.560 

<  0.0003 
<5 

<99.9% 

,4-Dichlorobcnzcne 
(kg/d) 
(t^g/d) 

0.061 

425 

10  X  10-* 
0.005 

>99.9% 

0.473 
12.000 

<  0.0005 

<8 

<99.9% 

' 

ienzene 

(kg/d) 
(l*g/d) 

0.013 
92 

0.013 
92 

0% 

0.101 
2.470 

0.101 
2,470 

0% 

: 

B&p-xylene 

(kg/d) 
(l»g/d) 

0.015 
103 

<  0.0000 

<  0.000 

>99.9% 

0.111 
2.610 

<  0.0001 

<2 

<99.9% 

)-xylene 

(kg/d) 
(lig/d) 

0.019 
136 

<  0.0000 

<  0.000 

>99.9% 

0.141 
3,010 

<  0.0001 

<2 

<99.9% 
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Table  8 
Projected  Performance  of  GAC  Adsorption  on  Genetron™  EOIuent  Streams 

Parameter 

GcœmB  Somp  (PROIOO) 

Ha  Scnbber  (PROMO)               | 

Inflaeot 
Qoality^ 

EOIiient 
Qnalitjr^ 

Loadlnt 
ReductkMi 

Influent 
QnaUly^ 

Effloeot 

Loading 
RethKtioa^ 

Toluene 

(Icg/d) 
(lig/L) 

0.016 
102 

<  0.0000 
0.004 

>99.9% 

0.144 
2360 

<  0.0001 

<2 

>99.9% 

Styrene 

(kg/d) 
(lig/L) 

0.038 

268 

<0.0000 
<  0.000 

>99.9% 

0.287 
6.660 

<  0.0003 
<5 

>99.9% 

Acrolein 

(Icg/d) 
(l^g/L) 

0.139 
1,110 

0.0128 

672 

92-3% 

1.168 
29200 

0.09 

1,439 

923% 

Acrylonitrile 

(kg/d) 
(itg/L) 

0.072 

577 

0.0235 
123 

3Z6% 

0.617 
15.000 

0.416 
6,656 

32.6% 

Bis(2-eihylhexylphttialate) 
(kg/d) 
(^) 

0.003 
15.9 

<  0.0000 
0.15 

99.0% 

0.0009 

14.1 

<  0.0000 
0.141 

99.0% 

Hexachlorobutadiene 
(g/d) 
(ng/L) 

0.039 
205 

<  0.0000 

<  0.000 

>99.9% 

0326 
5,220 

<  0.0003 
<5 

>99.9% 

Hexachloropcntadiene 

(g/d) 
(ng/L) 

0.062 
325 

<0.0000 
<  0.000 

>99.9% 

0332 
5320 

<0.0003 
<5 

>99.9% 

Hocachlorobenzene 
(g/d) 
(ngA,) 

0388 
2,030 

<  0.0000 
0.002 

>99.9% 

0.065 
1,040 

<  0.0001 

<1 

>99.9% 

1  Hexachloroetbane 
(g/d) 
(ng/L) 

0.208 
1,090 

<  0.0000 
<0.000 

>99.9% 

1.15 
18,400 

<0.001 
<20 

>99.9% 

Octachlorostyrene 
(g/d) 
(ng/L) 

0.018 
93 

<  0.0000 

<  0.000 

>99.9% 

0.065 
1,040 

<  0.00007 
<1 

>99.9% 

Pentachlorobenzene 
(g/d) 
(ngA.) 

0.035 
183 

<0.0000 
<  0.000 

>99.9%3 

0326 
5,210 

<  0.0003 
<5 

>99.9% 

2,44-Trichloro  toluene 

(g/d) 
(ng/L) 

0.087 

455 

<  0.0000 
<0.000 

>99.9%^ 

0JM4 
13,500 

<  0.0008 
<14 

>99.9% 

1,23-Trichlorobenzene 
(g/d) 
(ng/L) 

0.070 
368 

<  0.0000 

<  0.000 

>99.9%3 

1.15 
18,400 

<  0.0001 

<2 

>99.9% 

lA3.4-Tetrachlorobenzene 
(g/d) 
(ngA-) 

0.042 
219 

<0.0000 
<  0.000 

>99.9%3 

0326 

5,210 

<0.0003 
<5 

>99.9% 
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Table  8 
Projected  Performance  of  GAC  Adsorption  on  Genetron^^  EfQuent  Streams 

Paiwneler 

Gcaetn»  Samp  (PROIOO) 

HO  Scrafaber  (PROMO) 

Inflaent 

Fmarni 
QmOlty^ 

Loadinf 
RcdBctioa 

Inflnml 
Qoalllr'^ 

EfflBCBl 

QmalUy^ 

Lo«lln» 
Rcdactloa'* 

1  i3^-TeirachJoro  benzene 
(g/d) 
(ng/L) 

0.035 

185 

<  0.0000 

<  0.000 

>99.9%^ 

0326 

5j:io 

<  0.0003 
<5 

>99.9% 

1  i4-Trichloro  benzene 
(g/d) 

(ng/L) 

0.2O6 
1.080 

<  0.0000 

<  0.000 

>99.9%^ 

0.681 
10.900 

>0.0007 

<12 

>99.9% 

li4^-Tetrachlorobenzcne 
(mg/d) 

(DgA.) 

0.03S 

185 

<  0.0000 

<  0.000 

>99.9%3 

0326 

5j:io 

<  0.0003 
<5 

>99.9% 

Total  H7CDD 

(mg/d) 
(pg/L) 

0.006 
30 

<  0.0000 

<  0.000 

>99.9%^ 

n-p." 

n.p. 

n.p. 

Total  H7CDF 

(mg/d) 
(Pg/L) 

0.015 
80 

<  0.0000 
<0.00O 

>99.9%3 

n.p.^ 

n.p. 

n.p. 

Ociachlorbibenzodioxin 
(mg,'d) 
(PgA-) 

0.038 
197 

<  0.0000 

<  0.000 

>99.9%^ 

0.OOS3 
133 

<  0.00008 
<1 

>99.9% 

Octachlordibenzoturan 

(mg/d) 
(PgA-) 

0340 
1,780 

<  0.0000 

<  0.000 

>99.9%' 

a.p.^ 

n.p. 

n.p. 

Phenolics 

(g/d) 
(l^gA.) 

1.1 
6 

0.00O2 

1 

>99.9% 

8.2 
43 

0.002 
10 

>99.9% 

Notes; 

1.  Based  on  12-monlii  mean  dau  trom  MISA  Control  Points  PROIOO  and  PR0600. 

2.  Theoretical  eflluent  concentration.    Loading  based  on  mean  12-montb  fow  rate  and  theoretical  concentrations. 

3.  Assumed  based  on  known  high  adsorption  potential  of  compound. 

4.  Assumed  equal  to  theoretical  percentage  reduaions  at  PR0700. 

5.  Based  on  removal  of  a  least  adsorbent  phenolic  compound.  4-nilrophenol,  as  a  womose  scenario. 

6.  Not  a  "Priority  1'  pollutant 

Performance 


The  combined  process  effluent  discharge  would  have  a  pH  of  6.5  to  8.5. 
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Table  9 
Estimated  Costs  for  GAC  Contactor  System 

Component 

Cost 

Capital  Cost^*^ 

GAC  Contactors 

Regeneration  facility  including  tail  gas  after  burner 
Total 

$1,950,000 

1,200,000 

$3,150,000 

Operating  Costs 

•  Carbon 

•  Energy  and  steam 

•  Labour,  maintenance 
Total 

5300,000 
150,000 
150,000 

5600,000 

Notes: 

1.  Estimates  include  35  percent  installation,  15  percent  engineering,  30  percent  estimating 
contingency,  and  seven  percent  G.S.T.  Costs  not  included  for  approvals  application  process. 

2.  E>fR  CCI  6343. 

Costs 

Capital  costs  of  the  neutralization  system,  presented  in  Table  10,  are  estimated  to  total 
$160,000  (ENR  CCI  6343).  The  main  operating  cost  component  will  be  the  neutrali2dng 
chemicals.  The  quantity  of  chemicals  cannot  be  calculated  because  the  buffering  capacity 
of  the  process  sump  stream  is  unknown. 


Table  10 
Estimated  Capital  Cost  of  Neutralization  System  for  Combined  Genetron^^ 

Wastewater 

Component 

Cost^ 

Chemical  storage  tank,  mix  tank  and  feed  systems 
Continuous  mix  reactor 
Instrumentation  and  controls 

$50,000 
$50,000 
$60,000 

Total 

$160,000 

Notes: 

1.  Includes  35  percent  installation,  30  percent  estimating  contingency,  15  percent  engineering 
and  7  percent  G.S.T. 

2.  ENR  CCI  6343. 
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4.1J 


Summary  of  BAT  Option  2 


Table  11  presents  a  summary  of  the  estimated  costs  and  projected  performance  of  BAT 
Option  2. 


Table  11 
Estimated  Costs  and  Projected  Performance  of  BAT  Option  2 

Technology 

Costs 

Paramelcr 

Performance 

Sccoarto  I 

Sedimeoiaiion  of 
Geneiron        sump  stream 
(PROIOO) 

$210,000  capiul 
S119,000^opeming 

TSS 

20mg/L 

GAC  adsotplioQ  of 
Geneiron        sump  stream 
(PROIOO)  and  HCI  cfDuenl 
(PR0600) 

$3,150,000  capital 
$600,000^  operating 

Volatile  organic  compounds 

Extracuble  organic  com- 
pounds 

DIcudn  and  furan  compounds 

Phenolics 

0  -  >99.9%  removal 
>99.9%  removal 

>99.9%  removal 
>99.9%  removal 

Sccnmrio  2 

As  above  with: 

Neutralization  of  combined 
Genetron  effluent  stream 
(PROIOO  &  PR0600) 

$160,000  capital 
undefined  operating 

pH 

6J  to8^ 

Lime  treatment  of 
hydrofluoric  add  plant  efflu- 
ent stream  (PR0300) 

$::60.000  capital 
$50,000^  operating 

All  polluianis 

no  change  from  reported 

quality  at  PR0300  (Table 

A2) 

ToUl  for  Scenario  1 

WV»,000  capital 
$7l9,00(Vy  operating 

Tola!  for  Scenario  2 

$3,780,000  capital 
>$769,000/j  epcratinc 

4.2 


BAT  Option  4 


A  schematic  of  those  technologies  recommended  under  BAT  Option  4  is  presented  in 
Figure  A2.  For  Scenario  1,  no  technologies  beyond  those  recommended  for  BAT  Option 
2  were  included. 

For  Scenario  2,  GAC  treatment  is  recommended  for  both  Genetron^^  effluents,  as 
described  under  BAT  Option  2.  The  carbon  treated  Genetron  sump  effluent  (PROIOO) 
would  then  be  transferred  to  the  residue  pit  for  lime  treatment  with  hydrofluoric  acid 
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wastewaters,  as  described  for  BAT  Option  2.  The  carbon  treated  hydrochloric  acid 
stream  is  sent  to  a  new  calcium  chloride  plant  to  recover  the  chloride  as  calcium  chlor- 
ide. 


4^.1  Genetron^  Plant  Sump  Effluent  (PROIOO)  -  Lime  Treatment 

Description 

Process  components  required  to  transfer  the  Genetron^^  sump  effluent  to  the  residue  pit 
after  GAC  treatment  are  minimal.  Major  modifications  include  rerouting  of  the  existing 
pipeline  that  currently  transfers  this  effluent  to  General  Chemical. 

It  is  unlikely  that  any  expansion  to  the  residue  pit  would  be  required  because  490  m^/d  of 
brine  muds  are  currently  pumped  the  residue  pit  for  neutralization  which  would  be  elim- 
inated, while  only  191  m^/d  would  be  added  from  the  Genetron^"^  sump  effluent  with  an 
estimated  9  m-^/d  required  for  lime  slurry.  Consequently  the  effluent  discharge  rate 
measured  at  Control  Point  PR0300  would  not  increase. 

Performance 

The  flows  through  MISA  Control  Point  PR0300  would  not  increase  Scenario  2,  even  if 
the  Genetron^^  sump  stream  were  added  to  the  treatment  system.  Furthermore,  efflu- 
ent contaminant  concentrations  achievable  in  the  lime  treatment  system  would  not 
change  with  the  addition  of  the  less  contaminated  PROIOO  stream.  Therefore,  the  ultim- 
ate effect  would  be  equivalent  to  eliminating  the  discharge  of  the  Genetron^^  sump 
stream  (PROIOO). 


Costs 

Costs  for  rerouting  the  existing  piping  to  transfer  the  Genetron^^  process  stream  to  the 
residue  pit  are  estimated  to  be  minimal.  Significant  increases  in  operating  costs  are  not 
projected. 


4.2^  Genetron^  Plant  Hydrochloric  Acid  Effluent  Stream  (PR0600)  -  Calcium 

Chloride  Recovery  Facility 

Description 

Installation  of  a  calcium  chloride  production  plant  to  process  approximately  62  m  /d  of 
spent  hydrochloric  acid  scrubber  water  effluents  is  recommended. 
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According  to  a  similar  facility  at  a  U.S.  "sister"  plant,  the  main  components  of  the  process 
include  a  bucket  elevator  to  lift  limestone  to  the  top  of  fixed  bed  reactors.  Gases  exhau- 
sted from  the  reactors  are  water  scrubbed  in  a  venturi  scrubber.  The  calcium  chloride 
solution  is  clarified  in  rotary  rake  clarifier  before  being  stored  in  tanks  awaiting  shipment. 
Extrapolated  from  the  "sister"  plant  size,  approximately  0.2  hectares  are  required  for  the 
plant  and  limestone  storage  (Ref.  3). 


Performance 

Implementation  of  the  calcium  chloride  plant  will  result  in  the  elimination  of  the  hydro- 
chloric acid  effluent  discharge  stream  (PR0600).  A  venturi  water  scrubber  will  produce 
effluent  at  an  estimated  volume  of  75  m^/d.  It  is  feasible  that  this  stream  would  not  need 
to  be  discharged,  but  will  be  recycled  from  the  hydrofluoric  acid  clear  water  pond  system. 


Costs 

A  capital  cost  of  $6.5  million  dollars  is  estimated  for  implementation  of  a  calcium  chlor- 
ide plant  on  the  Allied  Chemicals  site.   Operating  costs  were  not  available  (Ref.  3). 


423  Summary  of  BAT  Option  4 

Table  12  summarizes  BAT  Option  4  costs  and  technologies. 

4J  BAT  Option  5 

Description 

BAT  Options  4  «fe  5  cover  those  technologies  that  move  the  plant  further  towards  zero- 
discharge  of  process  contaminants.  In  Scenario  1,  no  additional  technologies  beyond 
these  defined  in  BAT  Option  4  were  recommended  because  zero-discharge  would  be 
achieved  imder  BAT  Option  5  for  General  Chemical  (Ref.  5). 

In  Scenario  2,  according  to  BAT  Option  4,  only  one  stream  would  be  discharged,  that  is, 
the  overflow  from  the  hydrofluoric  acid  plant  effluent  settling  pond.  If  the  recycle  from 
this  pond  were  to  be  increased,  then  less  wastewater  would  be  discharged.  BAT  Option 
5  includes  maximum  recycle  of  pond  water  to  minimize  discharges,  with  the  ultimate  goal 
of  achieving  zero-discharge.  The  tasks  which  need  to  be  undertaken  to  achieve  maxi- 
mum recycle  are: 

•  Examination  of  the  existing  water  management  at  the  plant,  to  determine 

equalization,  storage  and  operating  requirements  to  maintain  a  water  bal- 
ance. 
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Review  of  operating  problems  to  determine  if  scaling  is  a  factor  when  lime 
treatment  is  used.  Alternate  neutralization  chemicals  (e.g.  soda  ash)  may 
be  required. 


Table  12 
Estimated  Costs  and  Projected  Performance  of  BAT  Option  4 

TeciiDologr 

Costs 

Parameter 

Performance 

Sceturi»! 

Same  as  BAT  Option  2  (Table  11) 

SccoarioZ 

Scdimentalion  of  Gcnetron^^ 
sump  stream  (PROIOO) 

S210.000  capital 
$119,000^  operating 

TSS 

20  mg/L 

GAC  Adsorption  of  Genetron^^ 
sump  stream  (PROIOO)  and  HQ 
efnuent  (PR0600) 

53360,000  capital 
S719,000/y  operating 

Volatile  organic  compounds. 
Extractabie  organic  compounds 
Dioxin  and  furan  compounds 

0  to  >99.9%  removal 
>99.9%  removal 
>99.9%  removal 

Calcium  chloride  plant  for  elimin- 
ating HCI  effluent  discharge 
(PR0600) 

56,500,000  capital 
Undefined  operating 

All  pollutants 

Zero-discharge  of 
contaminants  through 
eUmination  of  stream 

Lime  treatment  of  hydrofluoric 
add  plant  effluent  stream 
(PR0300)  combined  with  PROIOO 
(after  GAC  treatment) 

5260,000  capiul 
550,000/y  operating 

All  poUutants  (PR0300) 
AU  poUutants  (PROIOO) 

No  change  from 
reported  quaUty  (Table 
A2) 

Zero-discharge  of 
contaminants  through 
eUmination  of  stream 

ToUis 

Sceoaiiel 

*  $2,360,000  capital 

♦  $719,000/y  operaUng 

Scenario! 

•  $10,300,000  capital 
*■  $888,00Q/y  operating 

: 

Notes: 

1.              Includes  35  percent  insuilation,  30  percent  estimating  contingency,  IS  percent  engineering  and  7  percent  G.S.T. 
Z              ENR  CCI  6343. 

Performance 

The  maximum  recycle  rate  that  can  be  achieved  cannot  be  established  until  after  the 
water  balance  has  been  prepared,  and  operating  requirements  identified. 
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Costs 

Costs  of  preparing  the  water  balance  and  identifying  operating  requirements  to  maxi- 
mizing recycle  rates  are  projected  to  be  small.  Costs  for  implementing  capital  or  operat- 
ing changes  to  achieve  maximum  recycle  caruiot  be  established  until  operating  requirem- 
ents have  been  identified. 


5.0 


SUMMARY  OF  BAT  OPTIONS 


Table  13  summarizes  cost  and  performance  of  BAT  options  recommended  for  Allied 
Chemicals  Canada  Ltd.  BAT  Option  1  was  not  identified,  and  therefore,  results  are  not 
included  in  the  Table. 


Table  13 
Summary  of  Costs  and  Performance  of  BAT  Options 

BAT  Optioa  2 

BAT  Optioo  3 

BAT  OpUoB  4 

BAT  OpHoo  S 

Costs 

Scenano  1 

•  Capital 

•  Opcraimg 

S3J60.000 
$719.0O0/y 

SO 

JO/y 

$3360.000 
$719.000,'y 

$3360,000 

$719.000/y 

Scenario  2 

•  Capital 

•  Operating 

$3,780.000 
$769,000^ 

SO 
$0^ 

$10330,000 

$888,000/y 

>$10J30.000 
>$888,000/y 

CooUmirumt  Loading  RcdodioD*                                                                                   || 

Flow  (nr'li)^ 

0 

0 

254 

>254 

TSS  (kg/d) 

>40 

0 

49 

>49 

Aluminum  (kg/d) 

>0 

0 

0.431 

>0.431 

Boron  (kg/d)2 

>0 

0 

0.760 

>0.760           1 

Cadmjum  (kg/d)' 

>0 

0 

0.002 

>0.002 

Chromium  (kg/d)^ 

>0 

0 

0.009 

>0.009 

Copper  (kg/d)2 

>0 

0 

0.008 

>0.003          \ 

Strontium  (kg/d)^ 

>0 

0 

0.112 

>0.112          \ 

Zinc  (kg/d)^ 

>0 

0 

0.012 

>0012 

Aiîcnic  (kg/d)2 

>0 

0 

0.041 

>0.041 

Antimony  (kg/d)^ 

>0 

0 

0.048 

>0.048 

Mercury  (kg/d)^ 

>0 

0 

0.00006 

>0.00006 

Ph2 

6i-3i 

6i-8J 

6J-8J 

TOR/INORG3/989.51 
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Table  13 
Summary  of  Costs  and  Performance  of  BAT  Options 

BAT  Option  2 

BAT  Option  3 

BAT  Option  4 

BAT  Option  S    Q 

VoIatUe  Orguik  CompoaiMfa  (k^d) 

Bromomethane 

>0 

0 

<0 

>0 

Bromoform 

0.137 

0 

0.137 

0.137 

Dibromochloromthane 

0.164 

0 

0.164 

0.164 

Chloromeihane 

>0 

0 

>0 

>0 

Chloroform 

1.09 

0 

1.09 

1.09 

Cartxjn  Tetrachloride 

0.293 

Ù 

0.293 

0.293 

Methylene  Chloride 

0 

0 

0 

0 

Trichlorofluoromethane 

5.7 

0 

5.7 

5.7 

Teirachloroethylene 

0.16 

0 

0.16 

0.16 

Trichlorocthylene 

029 

0 

0.29 

0.29 

trans-1  ^-Dichlorocthylene 

0.134 

0 

0.134 

0 

Vinyl  Chloride 

>0 

0 

>0 

>0 

Volatile  Organic  CamponiKis  (kg/d)  (Cont'd) 

1,1-Dichlorocthane 

0.108 

0 

0.108 

0.108 

1,1-Dichloroethylene 

0.136 

0 

0.136 

0.136 

1,1,2-Trichloroethane 

0.147 

0 

0.147 

0.147 

1,1,2-Tctrachiorocthanc 

0.203 

0 

0.203 

0.203 

1^-DichIoroethane 

0.104 

0 

0.104 

0.104 

1^-Dichloropropane 

0.113 

0 

0.113 

0.113 

cis-13-Dichloroprolyene 

0J86 

0 

0J86 

0.586 

Trans-13-Dichloropropylcnc 

0.137 

0 

0.137 

0 

Chiorobenzene 

0.124 

0 

0.124 

0 

Ethylene  dibromidc 

>0 

0 

>0 

>0 

1^-Dichlorobenzcne 

0301 

0 

0301 

0353 

13-Dichlorobenzcne 

0J53 

0 

0353 

0353 

1,4-Dichlorobenzene 

0J34 

0 

0J34 

0J34 

Benzene 

0 

0 

0 

0 

1   m&p  Xylene 

0.126 

0 

0.126 

0.126 

o-Xylene 

0.160 

0 

0.160 

0.160 

Toluene 

0.160 

0 

0.160 

0.160 

Styrene 

0J25 

0 

0325 

- 
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Table  13 
Summary  of  Costs  and  Performance  of  BAT  Options 

BAT  OpUoD  2 

BAT  Option  3 

BAT  Option  4 

BAT  Option  S 

Acrolein 

1^ 

0 

1^ 

1^ 

Aaylonitrile 

0^9 

0 

02A9 

0^9 

1                                                                                         Eztiactabic  Orsanks  (g/d) 

cis-(2-Ethylhcxyl)  phihalate 

0.0039 

0.0039 

0.0039 

HexachloropenLadiene 

0394 

0 

0394 

0394 

Hexachlorobuiadieoc 

0365 

0 

0365 

0365 

HexachJoro  benzene 

0.453 

0 

0.453 

0.453 

Hexachloroeihaoc 

136 

0 

136 

136 

Ociachlorostyrene 

0.083 

0 

0.083 

0.083 

Pentachlorobcnzene 

0361 

0 

0361 

0361 

2,4^-Dinitrololuene 

0.931 

0 

0.931 

0.931 

lj;3-Trichlorobcnzene 

\22 

0 

1.22 

0.122 

l^,4-Tetrachlorobcn2cne 

0368 

0 

0368 

0368 

Extncublc  Orgmnks  (j/d)  (Cont'd) 

lj:j5.5-Tcirachlorobcn2cne 

0361 

0 

0361 

0361 

1  J!l4-TrichJorobcnzcne 

0.887 

0 

0.887 

0.887 

1^4^-Tetrachloro  benzene 

0361 

0 

0361 

0361 

Dtoxin  and  Fnran  Coaipooiids  (m^d)                                                                                || 

Total  H7CDD 

0.006 

0 

0.006 

0.006 

Total  H7CDF 

0.015 

0 

0.15 

0.015 

Octachlorodibcnzodionn 

0.039 

0 

0.039 

0.039 

Octachlorodibenzodiran 

0340 

0 

0340 

0340 

Phenolics  (g/d) 

93 

0 

03 

93 

Notes; 

1.              Estimates  for  total  plant  loading  reduction  from  œmbined  monitored  stmam.<i  (PROIOO,  PR0200  and  PR0300).             | 
Z               Loading  reduction  only  applicable  in  Scenario  2.                                                                                                                  H 
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APPENDIX 
Tables  and  Figures 


Table  AI ,  Allied  Chemicals  Canada  Inc. 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  PR01 00 
Description:  Genetron  Sump 

Contaminant 

Urats 

Concentration  over  12  Monttt 
Sampfng  Period 

Loading 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

6 

549 

191 

Hydrogen  Ion  (pH) 

1.2 

12.8 

8.7 

Total  Kjeldahl  Nitrogen 

mg/L 

0.06 

1.1 

0.518 

0.084 

Nitrate  and  Nitrite 

mg/L 

0.36 

1.76 

0.881 

0.167 

DOC 

mg/L 

0.1 

339 

14.5 

1.794 

TOC 

mg/L 

0.9 

■     342 

22 

2.849 

Specific  Conductance 

uS/cm 

244 

132000 

3450 

Total  Suspended  Solids 

mg/L 

1 

77000 

224 

48.862 

Aluminum 

ug/L 

10 

2150 

485 

0.102 

Boron 

ug/L 

5 

5030 

1810 

0.431 

Cadmium 

ug/L 

1 

56 

10 

0.002 

Chromium 

ug/L 

20 

70 

^.fr^ 

0.006 

Copper 

ug/L 

10 

\'^ 

ed  ^'1^ 

0.003 

Strontium 

ug/L 

1fC 

X  >*« 

;  va)û^7 

0.1 

Zinc 

ug/L 

10 

^i^Q^W 

^            71 

0.011 

Arsenic 

ug/L 

2 

7910 

203 

0.036 

Antimony 

ug/L 

1 

5940 

249 

0.043 

Mercury 

ug/L 

0.1 

5.2 

0.296 

0.00006 

Phenolics  (4AAP) 

ug/L 

1 

35 

6 

0.001 

Bromo  methane 

ug/L 

43 

6720 

1400 

0.201 

Bromoform 

ug/L 

8.6 

420 

114 

0.016 

Dibromochloromethane 

ug/L 

8.6 

420 

136 

0.019 

Chloro  methane 

ug/L 

8.6 

430 

192 

0.027 

Chloroform 

ug/L 

59 

120000 

4610 

0.792 

Cartxjn  Tetrachloride 

ug/L 

20 

3440 

736 

0.106 

Methylene  Chloride 

ug/L 

8.6 

13000 

389 

0.058 

Trichlorofluoromethane 

ug/L 

20 

16000 

1240 

0.219 

Tetrachloroethylene 

ug/L 

8.6 

420 

136 

0.019 

Trichloroethylene 

ug/L 

13 

1050 

235 

0.034 

Trans-1 ,2-Dichloroethylene 

ug/L 

8.6 

420 

114 

0.016 

Vinyl  Chloride 

ug/L 

8.6 

430 

192 

0.027 

1,1-Dichloroethane 

ug/L 

4 

420 

92 

0.013 

1,1-Dichloroethylene 

ug/L 

8.6 

420 

114 

0.016 

1,1,2-Trichloroethane 

ug/L 

8.6 

420 

125 

0.018 

1 ,1 ,2,2-Tetrachloroethane 

ug/L 

6.3 

630 

129 

0.019 

1 ,2-Dichloroethane 

ug/L 

8.6 

420 

103 

0.015 

1 ,2-Dichloropropane 

ug/L 

4 

420 

92 

0.013 

cis-1 ,3-Dichloropropylene 

ug/L 

8.6 

2100 

477 

0.067 

Trans-1 ,3-Dichloropropylene 

ug/L 

8.6 

420 

114 

0.016 

Chloro  tjenzene 

ug/L 

8.6 

420 

103 

0.015 

Table  A1 ,  Allied  Chemicals  Canada  Inc. 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  PR01 00 
Description:  Genetron  Sump 

Contaminant 

Units 

Concentration  over  12  Month 
Sampfing  Period 

Loading 

Minimum 

Maximum 

Mean 

Ethylene  Dibromide 

ug/L 

8.6 

420 

103 

0.015 

1 ,2-DichlorDbenzene 

ug/L 

17 

1050 

246 

0.035 

1 ,3-Dichlo  no  benzene 

ug/L 

17 

1260 

286 

0.041 

1 ,4-DichlorDbenzene 

ug/L 

9 

2100 

425 

0.061 

Benzene 

ug/L 

4 

420 

92 

0.013 

m  &  p-xylene 

ug/L 

8.6 

420 

103 

0.015 

o-xylene 

ug/L 

8.6 

420 

136 

0.019 

Toluene 

ug/L 

2.8 

2580 

102 

0.016 

Styrene 

ug/L 

21.5 

1050 

268 

0.038 

Acrolein 

ug/L 

215 

2100 

A^ 

0.139 

Acrylonitrile 

ug/L 

108 

\^k^ 

^^3r 

0.072 

Bis(2-Ethyhexyl)Phthalate 

ug/L 

'Ic 

t^^^^ 

VaX^9.9 

0.003 

Hexachlorobutadiene 

ng/L 

%^ 

LoR  ^^ 

205 

0.00004 

Hexachlorocyclopentadiene 

ng/L 

5 

''^''lOOO 

325 

0.00006 

Hexachlorobenzene 

ng/L 

1 

16000 

2030 

0.00039 

Hexachloraethane 

ng/L 

5 

3300 

1090 

0.00021 

Octachlorostyrene 

ng/L 

1 

517 

93 

0.00002 

Pentachlorobenzene 

ng/L 

5 

500 

183 

0.00003 

2,4,5-Trichlorotoluene 

ng/L 

10 

1000 

455 

0.00009 

1 ,2.3-Trichlorobenzene 

ng/L 

10 

1000 

368 

0.00007 

1 ,2,3,4-Tetrachlorobenzene 

ng/L 

5 

500 

219 

0.00004 

1 ,2,3,5-Tetrachlorobenzene 

ng/L 

5 

500 

185 

0.00004 

1 .2,4-Trichlorobenzene 

ng/L 

10 

4200 

1080 

0.00021 

1 ,2,4,5-Tetrachtorot>enzene 

ng/L 

5 

500 

185 

0.00004 

Total  H7CDD 

pg/L 

10 

86 

30 

0.00000 

Total  H7CDF 

pg/L 

4 

410 

80 

0.00000 

Octachlorodibenzo-p-dioxin 

pg/L 

20 

490 

197 

0.00000 

Octachloroditjenzofuran 

pg/L 

20 

9800 

1780 

0.00000 

Oil  and  Grease 

mg/L 

1 

16 

2.9 

0.629 

Chloride,  Unfillered  Reactive 

mg/L 

77 

1300 

488 

88.931 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.62 

908 

45 

5.982 

Sulphate,  Unfiltered  Reactive 

mg/L 

30 

75 

55 

8.937 

Table  A2.  Allied  Chemioate  Canada  Inc. 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  PR0300 
Description:  HP  Bleed 

Contaminant 

Units 

Concentration  over  12  Montti 
Sampf  ng  Period 

Loading 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

578 

7530 

6210 

COD 

mg/L 

10 

60 

36.25 

235.754 

Total  Kjeldahl  Nitrogen 

mg/L 

0.6 

1.22 

0.765 

4.989 

DOC 

mg/L 

0.1 

39.9 

3.1 

19.4 

TOC 

mg/L 

0.8 

46.3 

7.9 

50.808 

Total  Phosphorus 

mg/L 

0.05 

-    1.31 

0.549 

3.548 

Specific  Conductance 

uS/cm 

700 

11800 

7550 

Total  Suspended  Solids 

mg/L 

1 

135 

25 

153.017 

Aluminum 

ug/L 

30 

2460 

^2^:<^ 

2.879 

Boron 

ug/L 

20 

Ifmi 

^  V\<^610 

23.734 

Cadmium 

ug/L 

1 

^^.M 

V.2JP^    8.7 

0.057 

Copper 

ug/L 

^^ 

.©^'^^ 

13 

0.081 

MolytxJenum 

ug/L 

204 

P^     410 

165 

1.049 

Nickel 

ug/L 

20 

480 

178 

1.142 

Strontium 

ug/L 

7060 

36000 

14800 

96.18 

Zinc 

ug/L 

10 

1580 

215 

1.353 

Arsenic 

ug/L 

26 

3860 

188 

1.222 

Antirrwny 

ug/L 

1 

130 

15 

0.097 

Mercury 

ug/L 

0.1 

6.1 

1.24 

0.008 

Chloroform 

ug/L 

0.1 

8.6 

2.8 

0.018 

Methylene  Chloride 

ug/L 

0.2 

34.4 

14.8 

0.095 

Sty  re  ne 

ug/L 

0.26 

21.5 

6.67 

0.043 

Bis(2-Ethyhexyl)Phthaiate 

ug/L 

1.5 

230 

65 

0.041 

Total  TCDD 

pg/L 

10 

83 

31 

0.00000 

Total  PCDD 

pg^L 

10 

50 

20 

0.00000 

Octachiorodit)€nzo-p-dioxin 

pg/L 

20 

65 

33 

0.00000 

Oil  and  Grease 

mg/L 

1 

20 

4 

23.531 

Chloride.  Unfiltered  Reactive 

mg/L 

1240 

8430 

1770 

11227.61 

Fluoride.  Unfiltered  Reactive 

mg/L 

9.24 

25.3 

12.2 

76.793 

Sulphate,  Unfiltered  Reactive 

mg/L 

200 

4000 

2020 

12748 

Table  A3,  Allied  Chemicals  Canada  Inc. 
Summary  of  Rows  and  Priority  One  Pollutants 
MISA  Control  Point:  PR0600 
Description:  HCI 

Contaminant 

Units 

Concentration  over  12  Month 
Samping  Period 

Loading 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

1 

90 

62.5 

COD 

mg/L 

23 

17900 

7290 

440.341 

Hydrogen  Ion  (pH) 

0.1 

7.8 

2.45 

Nitrate  &  Nitrite 

mg/L 

0.04 

1.23 

0.715 

0.034 

Specific  Corxjuctance 

uS/cm 

290 

685000 

361000 

Aluminum 

ug/L 

280 

14300 

4860 

0.099 

Boron 

ug/L 

530 

15000 

5100 

0.329 

Cadmium 

ug/L 

1 

36 

11.8 

0 

Chromium 

ug/L 

20 

14(; 

i\o6  ^ 

i      0.003 

Strontium 

ug/L 

18(Ç: 

OTV^« 

*              0A£ 

0.012 

Zinc 

ug/L 

30 

£P.ftl1tf^ 

&.\    ^û°i" 

0.001 

Arsenic 

ug/L 

7 

"       674 

245 

0.005 

Antimony 

ug/L 

1 

134 

67.8 

0.005 

Phenolics  (4AAP) 

ug/L 

10 

107 

43 

0.003 

Bromomettiane 

ug/L 

86 

138000 

38800 

1.548 

Bromofonn 

ug/L 

25.8 

8600 

2740 

0.121 

Dibromochloromethane 

ug'L 

43 

8600 

3010 

0.141 

Chloromethane 

ug/L 

86 

8600 

3680 

0.191 

Chloroform 

ug/L 

8 

700000 

15500 

0.991 

Cartxjn  Tetrachloride 

ug/L 

20 

77000 

3130 

0.192 

Methylene  Chloride 

ug/L 

17 

580000 

18500 

1.192 

Trichlorofluoromethane 

ug/L 

17.2 

370000 

88700 

5.512 

Tetrachloroethylene 

ug/L 

43 

8600 

3010 

0.141 

Trichloroethylene 

ug/L 

25.8 

21500 

6250 

0.256 

Trans-1 ,2-Dichloroethylene 

ug/L 

25.8 

8600 

2740 

0.121 

Vinyl  Chloride 

ug/L 

86 

8600 

3680 

0.191 

1.1-Dichloroethane 

ug/L 

8.6 

8600 

2470 

0.101 

1,1-Dichlonoethylene 

ug/L 

25.8 

8600 

2740 

0.121 

1.1,2-Trichloroethane 

ug/L 

34.4 

8600 

2880 

0.131 

1 .1 .2.2-Tetrachloroethane 

ug/L 

25.8 

12900 

4230 

0.184 

1,2-DichlorDethane 

ug/L 

17.2 

8600 

2610 

0.111 

1 ,2-Dichloropropane 

ug/L 

8.6 

8600 

2470 

0.101 

cis-l  ,3-Dichloropropylene 

ug/L 

60.2 

43000 

12600 

0.523 

Trans-1 ,3-Dichloropropylene 

ug/L 

25.8 

8600 

2740 

0.121 

Chloro  benzene 

ug/L 

17.2 

8600 

2610 

0.111 

Ethylene  Dibromide 

ug/L 

43 

8600 

2610 

0.111 

1 ,2-DichlorDbenzene 

ug/L 

34.4 

21500 

6390 

0.266 

1 ,3-Dichlorobenzene 

ug/L 

34.4 

25800 

7560 

0.312 

1,4-Dichlorobenzene 

ug/L 

17.2 

43000 

12000 

0.473 

Benzene 

ug/L 

8.6 

8600 

2470 

0.101 

Table  A3,  Allied  Chemicals  Canada  Inc. 
Summary  of  Flows  and  Priority  One  PollutarTts 
MISA  Control  Point:  PR0600 
Description:  HCI 

Contaminant 

Urvts 

Concentration  over  12  Month 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

m  &  p-xylene 

ug/L 

17.2 

8600 

2610 

0.111 

o-xylene 

ug/L 

43 

8600 

3010 

0.141 

Toluene 

ug/L 

2 

8700 

2360 

0.144 

Styrene 

ug/L 

51.6 

21500 

6660 

0.287 

Acrolein 

ug/L 

8600 

43000 

2920 

1.168 

Acrylonitrile 

ug/L 

6020 

•21500 

15000 

0.617 

Bis(2-Ethyhexyl)  Phthalate 

ug/L 

1.5 

19 

,  A^1 

0.001 

Hexachlorobutadiene 

ng/L 

5 

mm 

^  .  >5?20 

0.00033 

Hexachlorocyclopentadiene 

ng/L 

tl^'" 

^^S» 

K^Wzo 

0.00033 

Hexachlorobenzene 

ng/L 

ry 

.Q&^^^ 

1040 

0.00007 

Hexachloroethane 

ng/L 

13 

'    180000 

18400 

0.00115 

Octachlorostyrene 

ng/L 

1 

10000 

1040 

0.00007 

Pentachtorotjenzene 

ng/L 

5 

50000 

5210 

0.00033 

2,4,5-Trichlorotoluene 

ng/L 

10 

130000 

13500 

0.00084 

1 ,2,3-Trichlorobenzene 

ng/L 

10 

180000 

18400 

0.00115 

1 ,2,3.4-Tetrachtoroben2ene 

ng/L 

5 

50000 

5210 

0.00033 

1 ,2,3,5-Tetrachlorobenzene 

ng/L 

5 

50000 

5210 

0.00033 

1 ,2,4-TrichlorDbenzene 

ng/L 

10 

100000 

10900 

0.00068 

1 ,2.4,5-Tetrachlorot>enzene 

ng/L 

5 

50000 

5210 

0.00033 

Octachlorodibenzo-p-dioxin 

pg/L 

30 

420 

133 

0.00000 

Oil  and  Grease 

mg/L 

1 

4.4 

2.35 

0.086 

Chloride,  Unfiltered  Reactive 

mg/L 

29 

263000 

110000 

7768.164 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.76 

4480 

2940 

157.606 

Sulphate,  Unfiltered  Reactive 

mg/L 

4 

1200 

441 

25.947 

Table  A4.  Allied  Chemicals  Canada  Inc. 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  IN0800 
Description:  HCI 

Contamiriant 

Units 

Concentration  over  12  Montti 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maxinrum 

Mean 

Flow 

m3/d 

131676 

277660 

,0^11900 

Nitrate  &  Nitrite 

mg/L 

0.12 

^.A^y     0.805 

164.043 

Specific  Conductance 

uS/cm 

176 

C^l^^e.-  263.4 

Aluminum 

ug/L 

40 

<s^^^ 

391 

80 

Boron 

ug/L 

20<Z>-\.,<^0 

766.7 

166 

Strontium 

ug/L 

<.tJo 

.O,:    330 

187.5 

39.1 

Zinc 

ug/L 

^  2(fi^          620 

193 

41.83 

Mercury 

ug/L 

0.1 

0.2 

0.108 

0.023 

Oil  and  Grease 

mg/L 

1 

5.4 

2.4 

530.3 

Chloride,  Unfiltered  Reactive 

mg/L 

14 

24 

18.4 

3536 

Fluoride,  Unfittered  Reactive 

mg/L 

0.19 

0.53 

0.369 

73.4 
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APPENDIX  3 
Cabot  Canada  Ltd. 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

CABOT  CANADA  LTD. 


1.0  PLANT  DESCRIPTION 

The  Cabot  Canada  Ltd  facility  mes  the  furnace  process  to  manufacture  carbon  black. 
The  furnace  process  involves  cracking  aromatic  tars  and  natural  gas  in  the  presence  of 
air  in  a  refractory  lined  furnace  at  1,600  °C.  The  resulting  carbon  is  pulverized,  pelle- 
tized,  dried  and  packaged  or  conveyed  to  a  hopper  car,  ready  for  customer  distribution. 

The  chlorinated  intake  water  is  supplied  by  Polysar  Rubber  Corporation  at  a  rate  of 
2,227  m^/d.  The  intake  water  is  used  in  the  six  scrubbers,  in  the  laboratory,  as  boiler 
feed  for  steam  production,  as  once  through  cooling  water  in  the  plant's  air  conditioners, 
for  process  wash  water  and  in  the  formulation  of  the  binder.  The  boiler  make-up  water 
is  treated  with  a  descaling  chemical. 

Details  on  the  plant,  processes  and  wastewater  generation  are  presented  in  the  site  visit 
report  (Ref.  1). 


2;0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Sources 

The  wastewater  produced  at  Cabot  Canada  Ltd.,  including  boiler  blowdown,  once 
through  air  conditioning  cooling  water,  spent  scrubber  liquor,  laboratory  wastewater, 
wash  water  generated  in  process  areas,  and  storm  water  is  directed  to  the  onsite 
wastewater  treatment  system  at  a  rate  of  2,070  uP/d.  All  sanitary  wastewater  is  dis- 
charged to  the  sanitary  sewer  system  to  be  treated  at  the  Samia  municipal  wastewater 
treatment  facility. 

Storm  water  nmoff  from  the  process  areas,  boiler  area,  and  the  boiler  blowdown  passes 
through  oil  containment  booms  in  storm  water  collection  ditches  and  one  of  two  gravity 
oilAvater  separators. 

The  oil  separator  effluent  and  other  plant  effluents  are  combined  and  collected  in  a 
large  undergroimd  storage  tank.  The  effluent  from  the  storage  tank  is  treated  with  an 
alum  slurry  enroute  to  the  settling  lagoon.  After  passing  through  the  settling  lagoon, 
the  wastewater  is  filtered  by  gravity  through  a  sand  filter.  The  sand  filter  effluent  is 
sampled  prior  to  discharge  to  the  Cole  drain  at  MISA  Control  Point  COOIOO. 
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2^  Wastewater  Flows  and  Quality 

Table  Al  in  the  Appendix  presents  the  average,  maximum  and  minimum  flow  and 
concentration  data  for  those  contaminants  defined  by  the  Ministry  of  the  Envirormient 
as  "Priority  1"  for  the  MISA  Control  Point  COOIOO  at  Cabot  Canada  Ltd. 


3.0  RATIONALE  FOR  SELECnON  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  runoff^  were  considered  for 
each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  1         -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainboW 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3         -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5        -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  is  addressed  in  the  following  discxission. 


Storm  water  runoff  quality  limits  will  be  esublisbed  sqarately  under  MISA,  in  conjunction  with  a  program  to  conduct 
a  Storm  Water  Control  Study  at  each  site. 
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BAT  Option  1 

Toxicity  data  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Monitoring  Regulation  period  by  the  Ministry  of  the  Environment  are  presented  in 
Appendix  Table  A2.  Six  rainbow  trout  tests  and  four  Daphnia  magna  tests  were 
carried  out  on  samples  taken  at  Control  Point  COO  100.  Four  trout  samples  were  non- 
lethal,  and  the  remaining  samples  had  lethal  concentrations  of  greater  than  100  per- 
cent. All  of  the  Daphnia  magna  samples  were  non-lethal.  The  existing  wastewater 
management  system  at  Cabot  was  defined  as  BAT  Option  1,  since  the  toxicity  of 
Cabot's  effluent  ranges  from  slightly  lethal  to  non-lethal. 


BAT  Option  2 

Under  40  CFR  Part  458  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  Subpart  A 
for  the  Carbon  Black  Furnace  Process  Subcategory,  BAT  was  defined  as  "no  discharge 
of  process  wastewater  to  navigable  waters". 

Currently,  Cabot  Canada  Ltd.  discharges  process  water  from  three  sources  including: 

•  Process  area  wash  water. 

•  Laboratory  wastewater. 

•  Spent  scrubber  liquor. 

The  rate  of  wash  water  generation  was  not  available,  nor  was  the  level  of  contamina- 
tion. The  wastewater  generated  by  the  laboratory  amounts  to  approximately  3.1  L/d 
and  originates  fi-om  the  washing  of  glassware.  The  rate  of  the  spent  scrubber  liquor 
generation  averages  to  0.715  to  1.43  m^/d.  The  spent  scrubber  liquor  consists  of  water 
contaminated  with  particles  of  inert  carbon  (Ref.  2).  Each  of  the  six  scrubbers  is  used 
about  twice  a  month  for  five  to  ten  minutes  to  clean  the  flue  gas  discharged  from  the 
furnace  during  the  start-up  of  a  production  unit  or  during  main  vmit  filter  maintenance. 

Two  options  are  available  that  would  enable  Cabot  Canada  Ltd.  to  achieve  zero  dis- 
charge in  accordance  with  U.S.  BAT  including: 

1)  The  current  process  could  be  altered  such  that  process  effluents  are  eliminated. 

2)  The  treated  plant  effluent  could  be  used  in  the  process. 

The  second  option  has  already  been  considered  by  Cabot,  and  was  reported  to  be  not 
feasible  (Ref.  2).  Review  of  the  current  practice  at  Colimibian  Chemicals  Ltd.,  a  car- 
bon black  facility  which  also  uses  the  furnace  process,  suggests  that  Cabot  could  alter 
their  process  to  eliminate  process  effluents.  However,  it  is  recognized  that  a  detailed 
understanding  of  the  process  is  required  to  confirm  if  zero-discharge  of  process 
effluents  is  achievable  at  Cabot.  Therefore,  it  is  recommended  that  Cabot  Canada  Ltd. 
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develop  the  details  of  BAT  Option  2.  The  cost  for  equalization,  pumping  and  distribu- 
tion equipment  to  recycle  the  small  volumes  of  effluents  back  to  the  process  is  esti- 
mated to  be  less  than  $50,000.  However,  the  complexity  of  this  operation  in  terms  of 
treatment  requirements  and  process  configuration  must  be  determined  by  Cabot. 


BAT  Oprion  3 

Two  Ontario  carbon  black  plants  using  the  furnace  process  were  included  in  the 
Ontario  Inorganic  Chemical  Sector  and  examined  as  part  of  this  study,  including  Cabot 
Canada  Ltd.  and  Columbian  Chemicals  Canada  Ltd. 

Columbian  meets  the  definition  of  U.S.  BAT,  (i.e.  zero-discharge  of  all  process  related 
wastewaters).  All  storm,  process  and  cooling  waters,  within  the  Columbian  production 
area,  are  retained  and  directed  to  sumps.  From  the  sumps,  water  is  recirculated  to  the 
process  quench  step  where  it  is  lost  to  the  atmosphere  as  steam.  Some  non-process 
related  wastewater  flows  from  water  treatment  units  (ion  exchange  demineralization, 
dealkalizing,  softening,  etc.)  are  discharged  to  the  sanitary  sewer.  In  contrast,  Cabot 
treats  plant  effluents  and  storm  water  using  gravity  oilAvater  separation,  chemical  ad- 
dition to  promote  coagulation  (alum  slurry),  settling  and  gravity  filtration. 

In  Table  1,  a  comparison  of  the  origin  of  the  effluents  and  the  loading  of  process 
related  contaminants  based  upon  the  daily  nameplate  production  rates  at  the  two  car- 
bon black  facilities  is  presented.  The  effluent  quality  from  the  two  facilities  is  compar- 
able, except  that  the  loading  of  total  suspended  solids  (TSS)  is  higher  in  the  Columbian 
effluent.  Based  upon  the  comparison  of  the  effluent  quahty  at  the  two  facilities,  the 
recommended  BAT  Option  3  is  the  existing  wastewater  management  system  at  Cabot 
Canada  Ltd. 


BAT  Option  4 

BAT  Option  4  is  intended  to  provide  maximum  overall  water  pollution  control.   The 
possible  sources  of  "Priority  1"  pollutants  in  Cabot's  effluent  include: 

Boiler  blowdown. 

Once  through  air  conditioning  cooling  water. 

Spent  scrubber  liquor. 

Laboratory  wastewater. 

Wash  water  generated  in  process  areas. 

Storm  water 

A  large  portion  of  the  total  suspended  solids  (TSS)  in  the  final  effluent  (4.87  mg/L)  is 
likely  inert  carbon  particles.   Removal  of  TSS  to  these  low  concentrations  has  been 
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achieved  by  coagiilation,  settling  and  filtration  (Ref.  11).  Technologies  for  further  re- 
duction of  TSS  may  be  tised  in  specific  non-indmtrial  applications,  however,  no  prac- 
tical application  of  these  technologies  in  treating  industrial  effluent  below  the  TSS 
achieved  at  Cabot  was  identified  in  this  study.  Thus,  recommendations  for  BAT  Option 
4  does  not  include  further  reduction  of  TSS. 


Table  1 
A  Comparison  of  the  Final  Effluent  Source  and  Quality 

Pafamcter 

FadUi; 

Cabot  Canada  LfaL^  ' 

ColBmbian  Chemicals 
Canada  Uil^ 

Source  of  Effluent 

•  boiler  blowdown 

•  air  conditioner  once  through  cooling  water 

•  spent  scrubber  liquor 

•  laboratory  wastewater 

•  storm  water  runoff 

•  process  wash  water 

•      storm  water  runoff 

Flow  (m  A  of  daily  productioa) 
TSS  (gA  of  daily  production) 
Oil/Grease  (gA  of  daily  production) 
Sulphate  (gA  of  daily  produaion) 
Sulphide  (gA  of  daily  produaioo) 

9.44 
46.9 
113 
704 
0.44 

2.04 
127 
7.07 
383 
037 

Notes: 

1.  Based  on  average  loading  data  from  MISA  Control  Point  COOIOO  at  Cabot  Canada  Ltd. 

2.  Based  on  average  loading  data  from  MISA  Control  Points  STOIOO  and  ST0200  at  Columbian  Chemicals  Canada  Ltd. 

1 ^T^^ ^^. -  ■-                                             ^=^^^^=^=^^^^^^^^ss^^=l 

The  sulphate  (53  mg/L)  may  originate  from  plant  processes,  from  the  raw  water,  or 
from  storm  water  runoff.  Since  the  mean  concentration  of  sulphate  is  not  excessive,  in 
that  it  is  typical  of  levels  found  in  raw  water  sources,  sulphate  reduction  measures  are 
not  recommended. 

Most  of  the  oil  and  grease  has  been  effectively  removed  by  the  wastewater  treatment 
facility  of  Cabot.  If  further  reduction  from  1.24  mg/L  of  oil  and  grease  is  required,  low 
levels  of  oil  and  grease  may  be  removed  from  plant  effluents  using  an  oil  absorption 
column,  presented  in  the  General  Technology  Report  (Ref.  10).  Alternatively  pollution 
prevention  activities  such  as  best  management  practices  could  be  exercised  on  the  plant 
site. 

The  mean  sulphide  concentration  in  the  final  effluent  was  30  jig/L  based  on  two 
samples.  A  possible  source  of  sulphide  could  be  asphaltines  in  the  decant  oil  which 
may  contaminate  the  scrubber  water.  As  well,  the  sulphides  may  originate  from  fugitive 
emissions  washing  into  the  final  effluent  with  the  storm  water  runoff.  The  method  by 
which  the  sulphides  enter  the  final  effluent  is  unknown;  therefore,  an  audit  of  the 
source  should  be  considered.  Reduction  or  elimination  of  sulphide  in  the  final  effluent 
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wil]  be  based  on  source  controls  through  process  changes  such  as  improved  air  emission 
quality,  materials  substitution,  best  management  practices  or  through  storm  water  man- 
agement 

A  portion  of  the  aluminum  likely  results  from  the  wastewater  treatment  chemical,  alum. 
Alum  is  added  to  the  effluent,  prior  to  settling  and  filtration,  to  promote  solids  removal 
by  coagulation.  It  is  not  possible  to  identify  the  form  of  the  aluminum  present  in  the 
effluent  (i.e.  soluble  or  insoluble)  from  the  MISA  Monitoring  Regulation  data.  Howe- 
ver, since  the  effluent  has  already  been  treated  in  the  settling/filtration  system,  it  is  like- 
ly that  a  large  portion  of  the  remaining  aluminum  is  soluble. 

If  the  levels  of  aluminum  are  perceived  to  be  excessive,  the  preferred  approach  is  to 
use  an  alternative  coagulant  such  as  ferric  chloride,  or  a  polymeric  coagulant.  Several 
polymeric  coagulant  blends  have  been  developed  to  minimize  alum  carry-through  (Ref. 
4).  The  application  rates  of  these  products  must  be  determined  with  jar  testing. 

Alternatively,  additional  chemical  treatment  of  the  wastewater  could  be  considered  to 
enhance  the  formation  of  insoluble  aluminum  complexes,  so  that  these  complexes  could 
be  removed  by  the  settling/filtration  system.  The  most  common  method  of  maximizing 
the  formation  of  insoluble  aluminum  is  by  pH  adjustment.  A  literature  search  (  Ref.  5, 
6  and  7)  revealed  that  the  optimum  pH  range  for  formation  of  insoluble  aluminum 
ranges  from  5.4  to  7.3.  During  the  12  month  MISA  Monitoring  Regulation  period,  the 
pH  of  Cabot's  final  effluent  ranged  from  6.3  to  9.17  with  a  mean  pH  of  8.00.  There- 
fore, to  optimize  the  formation  of  insoluble  aluminum,  the  pH  should  be  reduced  by 
acid  addition. 

The  addition  of  acid  to  maximize  the  removal  of  soluble  aluminum  would  involve  sig- 
nificant modifications  including  a  separate  chemical  storage  facility,  a  chemical  feed  sys- 
tem, a  chemical  feed  control  system  and  a  new  chemical  hazard  would  be  introduced  to 
the  site.  This  option  should  be  considered  only  if  the  level  of  soluble  aluminum  is  per- 
ceived to  be  significant,  and  consideration  of  other  alternatives  has  been  exhausted. 

A  review  of  the  remaining  contaminants  detected  in  the  final  effluent  indicates  that 
most  of  these  are  not  generated  in  the  process,  but  may  originate  in  raw  water.  These 
contaminants  include  various  metals,  nitrates  and  TKN,  and  chloride.  Technologies  for 
the  removal  of  low  levels  of  these  contaminants  present  in  the  final  effluent  may  be 
available  zmd  have  been  used  in  specific  non-industrial  applications  (e.g.  drinking  water 
treatment).  However,  an  exhaustive  global  search  carried  out  as  part  of  this  study  did 
not  identify  practical  applications  of  these  technologies  in  treating  industrial  wastewater 
effluents  with  similar  concentrations.  Thus,  BAT  Option  4  does  not  include  technolo- 
gies for  the  removal  of  the  these  contaminants. 

Careful  review  of  the  processes,  raw  materials,  products  and  chemicals  used  at  the 
plant  within  the  scope  of  this  study,  did  not  reveal  a  source  for  cyanide,  an  identified 
"Priority  1"  pollutant.  An  audit  of  the  possible  sources  of  this  contaminant  is  necessary, 
and  reduction  or  elimination  of  this  contaminant  in  the  final  effluent  will  be  based  on 
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source  controls  through  process  changes,  materials  substitution,  or  best  management 
practices. 

Based  on  the  above  discussion,  BAT  Option  4  is  for  Cabot  to  consider  implementing  a 
Source  Identification  and  Control  Study^  for  sulphide  and  cyanide.  As  well,  if  the 
levels  of  aluminum  in  the  final  effluent  are  perceived  to  be  excessive,  the  use  of  alter- 
native coagulants  should  be  considered. 


BAT  Option  5 

In  the  discussion  of  BAT  Option  2  and  BAT  Option  3,  the  issues  surrounding  zero  dis- 
charge were  addressed.  Cabot  Canada  Ltd.  must  examine  the  feasibility  of  process  al- 
teration to  achieve  zero  discharge  and  to  provide  cost,  and  design  details. 


Summary 

A  summary  of  the  BAT  Options  recommended  for  Cabot  is  presented  in  Table  2. 


1                                                              Table  2 

1                            Summary  of  BAT  Options  for  Cabot  Canada  Ltd. 

BAT  Option 

Definition 

Description 

1 

Non-lethal  effluents 

No  change  to  existing  system. 

2 

U.S.  BAT 

To  be  provided  by  Cabota 

3 

Best  demonstrated  in  Ontario 

No  change  to  existing  system. 

4 

Maximum  pollution  reduction. 

Implement  a  Source  Identification  and  Control 
Study  for  sulphide  and  cyanide.  Consider  alter- 
native coagulants.^ 

1            5 

Furthest  toward  zero  discharge 

Same  as  BAT  Option  2. 

Notes: 

1.           Technologies  to  achieve  U.S.  BAT  cannot  be  defined  within  the  scope  of  this  study. 
1  2.           Only  if  aluminum  in  the  effluent  is  perceived  to  be  excessive. 

Source  IdentiGcatioo  and  Control  Study  involves  an  audit  of  the  possible  sources  of  this  contaminanL  Reduaion  or 
elimination  of  this  contaminant  in  the  Hnal  effluent  may  be  based  on  source  controls  through  process  changes, 
materials  substitution,  improved  air  emission  quality,  best  management  practices,  or  through  storm  water  managemenL 
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APPENDIX 
Tables 


Table  AI ,  CABOT  CANADA 

Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO01 00.  RnaJ  effluent 
Description:  Filter  Bed  Effluent 

Contaminant 

Units 

Concentration  over  12  Month 
San^ng  Period 

Loading 
0<g/d) 

Minimum 

Maximum 

Mean 

Row 

m3/d 

335 

4500 

2070 

COD 

mg/L 

13 

23 

18 

51.338 

Cyanide 

mg/L 

0.001 

0.037 

0.004 

0.008 

Total  Kjeldahl  Nitrogen 

mg/L 

0.16 

1.6 

^-K^51 

0.937 

Nitrate  &  nitrite 

mg/L 

0.025 

1.1  J 

,  O«tl'.605 

1.123 

DOC 

mgA. 

0.8 

.^^^^'.05 

5.956 

Specific  Conductance 

us/cm 

260 

..mi^ 

^^      750  1                   1 

Total  Suspended  Solids 

mg/L 

^^^\K<^ 

4.87 

10.283 

Aluminum 

ug/L 

1§0 

çi2i*'l600 

661 

1.391 

Copper 

ug/L 

4 

48 

23.5 

0.051 

Strontium 

ug/L 

2 

300 

169 

0.349 

Zinc 

ug/L 

4 

510 

73.8 

0.135 

Sulphide 

ug/L 

30 

30 

30 

0.096 

Oil  and  Grease 

mg/L 

0.96 

10 

1.24 

2.475 

Chloride,  Unfiltered  Reactive 

mg/L 

14 

430 

127 

213.352 

Sulphate.  Unfiltered  Reactive 

mgA. 

41 

65 

•53 

154.518 

Table  A2 
Summary  of  Acute  Lethality  Data  from  Dec  1989  to  May  1990. 

Test  Species 

Namber  of  Samples 

Range  of  Data 

Number  of  Non-Leliud 
Samples 

Rainbow  trout 

6 

>  100  %  to  non-lethal 

4                             1 

Daptmia  magna 

4 

all  non-lethal 

4                             1 

Cabot  Canada 
Samia 


CONCEffTRATlONS 

LOADINGS  kg/d 

ATG 

PARAMETER 

RMOL 

UNIT 

CO  0100 

CO  0100 

c 

Total  suspended  soGds 

5 

mg/L 

4.89 

10.9 

c 

Hydrogen  ion  (pH) 

7.99 

c 

SpecrTic  conductance 

uS/cm 

739 

c 

DOC 

0.5 

mg/L 

3.05 

5.96 

c 

Oil  and  grease 

1 

mg/L 

1.36 

3.14 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

0.145 

0.266 

c 

Nitrate+ Nitrite 

0.25 

mg/L 

0.605 

1.12 

c 

To4al  IQeldahl  nitrogen 

0.5 

mg/L 

0.51 

0.936 

c 

Total  phosphorus 

0.1 

mg/L 

0.086 

0.175 

09 

Aluminum 

30 

ug/L 

661 

1.39 

09 

Copper 

10 

ug/L 

23.5 

0.051 

09 

Strontium 

20 

ug/L 

169 

0.349 

09 

Zinc 

10 

ug/L 

73.6 

0.135 

14 

Phenolics  (4AAP) 

2 

ug/L 

1.5 

0.004 

15 

Sulphide 

20 

ug/L 

30 

0.096 

16 

Chloroform 

0.7 

ug/L 

1.1 

0.005 

18 

Acrylonitrile 

4.2 

ug/L 

4.2 

0.017 

23 

Hexachlorocydopentadiene 

10 

ng/L 

7.35 

- 

2 

Cyanide  Total 

0.005 

mg/L 

0.004 

0.008 

98 

Ftflow 

m3/d 

2180 

11 

Chloride 

2 

mg/L 

127 

213 

12 

Fluoride 

0.1 

mg/L 

0.1 

0.32 

13 

Sulphate 

5 

mg/L 

53 

155 

Notes: 


CO0100  is  the  effluent  stream  "Discharge  from  Fitter  Bed". 
This  flows  is  discharged  via  the  Cole  Drain  to  the  St.  Clair  River. 


APPENDIX  4 
Columbian  Chemicals  Canada  Ltd. 


INORGANIC  CHEMICAL  SECTOR  PLANTS 
REPORT  ON  BAT  OPTIONS 
COLUMBIAN  CHEMICALS 


LO  PLANT  DESCRIPTION 

Columbian  Chemicals  Canada  Ltd.  manufactures  carbons  black  using  the  furnace 
method.  The  feedstock,  a  "make  oil"  consisting  of  petroleum  hydrocarbon,  coal  tar 
distillate  and  small  amounts  of  caustic  potash,  is  filtered  and  burned  in  furnaces  to 
produce  carbon  black.  Quench  water  cools  the  product  and  binder  is  added  to  form 
beads  and  pellets,  which  are  dried,  sized  and  stored  for  shipping.  Details  on  the  plant, 
processes  and  wastewater  generation  are  provided  in  the  associated  site  visit  report 
(Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

All  wastewater  generated  within  the  plant  production  area,  including  process 
wastewater  and  stormwater,  is  collected  in  trenches,  settled  in  sumps  and  recycled  back 
to  the  process  to  use  as  product  quench,  where  it  is  lost  as  steam. 

Several  wastewater  streams  at  the  plant,  including  ion  exchange  régénérants,  com- 
pressor cooling  water,  boiler  blowdown  and  domestic  sanitary  wastewater  are  dis- 
charged to  the  municipal  sanitary  sewer  for  treatment  at  the  Hamilton  (Woodward) 
WPCP. 

Two  storm  water  streams  were  monitored  under  the  MISA  Monitoring  Regulation  at 
Columbian  Chemicals.  At  MISA  Control  Point  STOIOO,  runoff  from  the  tank  farm, 
truck  loading  and  unloading  areas,  off-spec  product  storage  areas  and  warehouse  roof 
drains  was  monitored.  Control  Point  ST0200  monitored  runoff  from  a  second  tank 
farm,  parking  lost,  rail  car  loading  area,  and  plant  office  and  maintenance  buildings. 

2.2  Wastewater  Flows  and  Quality 

Tables  Al  and  A2  in  the  Appendix  presents  average,  maximum  and  minimum  flow 
data  and  concentration  data  for  those  contaminants  defined  by  the  MOE  as  'Triority  1" 
for  MISA  Control  Points  STOIOO  and  ST0200  at  Columbian.  Based  on  information 
from  the  plant  site  visit,  it  appears  that  TSS  and  sulphide  present  in  the  effluent 
streams  are  a  result  of  fugitive  emissions. 
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3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  BAT  options  for  management  of 
wastewater,  with  the  exception  of  storm  water  runoff^  meeting  all  of  the  following  five 
criteria  should  be  considered  for  each  Ontario  Inorganic  Chemical  Sector  plant: 

1.  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow  trout  and  Daph- 
nia  magna. 

2.  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall  pollution  reduc- 
tion. 

3.  The  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facilities  in  the 
U.S. 

4.  A  BAT  option  that  uses  the  best  technology  currently  in  use  in  Ontario. 

5.  A  BAT  option  consisting  of  any  current  technology  or  combination  of  current 
technologies,  including  supplemental/add-on  technologies,  or  cross-over  technol- 
ogies from  other  industrial  sectors,  which  will  advance  the  Ontario  plant  the 
furthest  toward  virtual  elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Under  40  CFR  Part  458  of  the  U.S.  Federal  Register  (1989),  the  U.S.  BAT  defined  for 
the  Carbon  Black  Manufacturing  Point  Source  Category,  Subpart  A  -  Furnace  Process, 
was  "no  discharge  of  process  wastewater  pollutants  to  navigable  waters".  Stormwater 
runoff  was  not  included  in  the  definition  of  process  wastewater.  Existing  wastewater 
management  at  Columbian  results  in  no  direct  discharge  of  process  wastewater,  as  well 
storm  water  from  process  areas.  Thus,  the  existing  operation  is  akeady  covered  by  all 
of  the  criteria  noted  above,  and  therefore,  BAT  options  for  wastewater  generated  at 
Columbian  were  not  considered  further. 

Storm  water  runoff  from  outside  of  immediate  production  areas  at  Columbian,  moni- 
tored at  MISA  Control  Points  STOIOO  and  ST0200,  discharges  directly  to  the  receiving 
water.  By  study  definition,  BAT  options  would  not  be  considered  for  storm  water 
nmoff  streams.  However,  because  a  second  Ontario  carbon  black  plant,  Cabot  Canada 
Ltd.,  is  demonstrating  a  treatment  technology  for  removal  of  contaminants  from  storm 
water  (and  process  effluents),  the  Ontario  Ministry  of  the  Envirormient  has  specifically 
requested  that  this  technology  be  considered  as  a  stormwater  control  option  for 
Columbian.  The  technology  at  Cabot  consists  of  coagulation,  settling  and  granular 
filtration. 


Storm  water  ninofT  quality  limits  will  be  established  separately  under  MISA,  inconjunctioD  with  a  program  to  conduct  a 
Storm  Water  Control  study  at  each  site. 
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4.0 


STORMWATER  CONTROL  OPTION 


The  storm  water  control  option  considered  for  Columbian  Chemical  includes  a  coagu- 
lation settling  pond  passive  sand  filter  treatment  system  demonstrated  at  a  "sister 
plant".  A  schematic  of  the  treatment  system  is  presented  in  Figure  Al  while  system 
details  are  provided  in  the  sister  plant  report  (Ref,  2). 

Coagulant  is  added  to  wastewater  in  the  pump  discharge  to  the  settling  pond.  The 
settling  pond  overflows  by  gravity  to  a  second  pond  containing  a  layer  of  sand  filter 
media  above  a  layer  of  gravel  containing  perforated  pipes.  Filtered  water  exists 
through  the  pipes  to  a  weir  chamber,  and  overflows  to  the  outfall  pipe.  The  system 
operates  at  a  constant  rate  in  an  on/off  manner,  based  on  the  level  of  wastewater  in  a 
pump  tank.  Both  ponds  are  clay  lined.  At  Cabot,  two  systems  in  parallel  are  operated 
alternately,  to  allow  cleaning  without  disruption  in  operation.  The  system,  if  imple- 
mented at  Columbian,  would  treat  only  storm  water  and  would  not  be  in  operation 
during  winter  months.  Therefore,  a  single  pond  system  would  be  sufficient. 

Table  2  presents  the  basis  for  the  hydraulic  design  of  the  proposed  storm  water  treat- 
ment facility.  Storm  flows  have  been  estimated  using  the  Rational  Formula  and  a  five 
year  return  frequency  design  event.  Two  pumping  facilities  will  be  needed  to  pump 
flows  to  the  head  of  the  single  filter  pond.  Total  discharge  design  conditions  will  be 
1,134  m^/h.  Coagulant  will  be  added  to  each  forcemain  when  the  pumps  are  operating. 
Figure  A2  presents  across-section  view  of  the  proposed  facilities. 


Table  2 
Design  Parameters  for  Stormwater  Treatment  Facility  at  Columbian  Chemicals 

Item 

Capacity 

Basis 

Pumping  Crom  east  outCali 

747  m3^ 

•  Manhole  and  submersible  pump  station. 

•  Drainage  area  =  31,400  m^ 

•  RunoEt  coefEdcnt  C  =  0 J 

•  5  year,  30  minute  stonn. 

Pumping  from  west  outtall 

387m3/h 

•  Manhole  and  submersible  pump  station 

•  Diainage  area  =  54,260  m'' 

•  Runoff  coefJident  C  =  0.15 

•  5  year,  30  minute  storm. 

East  pumping  station  forcemain  to  Glter  pond 

3S0  m,  500  mm  dia. 

•     Distance  to  estimated  filter  pond  site. 

West  pumping  station  forcemain  to  GItcr  pond 

95  m,  35  mm  dia. 

•     Distance  to  estimated  filter  pond  site. 

Filter  pond 

1.134  m^/h 

Filter  pond  plant  outfall  pipe 

150  m,  800  mm  dia. 

•     Treatment  plant  discharge  rate. 

Table  3  presents  details  of  the  filter  design  information. 
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Table  3 
Stormwater  Pond  Treatment  System  Design  Details  for  Columbian  Chemicals 

Ilcm 

OcKriptioo                          1 

SctUInt  Pood 

•  Surface  loading  rate 

•  Mioimum  water  depth 

69  m^fm^.d 
0.7  m 

Passive  FUlcr 

•  Surface  loading  rate 

•  Sand  depth 

•  Gravel  Depth 

92  m^/m^.d 
45  an 
45  cm 

Slud^  Geoeratioo 

•  Total  (low  trçatcd  is  mean  precipitation  x  catchment  area  =  63,000  m  /^. 

•  Ninety  percent  removal  of  solids  (average  45  mg/L  influent  TSS). 

•  Total  solids  generated  including  TSS.  cx>agulant  and  fouled  sand  medium  = 

•  Mixed  sludge  @  5%  solids  concentration. 

250m3;y 

Total  land  area  required  for  treatment  system 

2.800  m^ 

The  total  land  area  required  for  the  treatment  system  is  2,800  m^  assuming  total  pond 
depths  of  3  m  below  the  top  of  the  berms,  and  berms  have  2:1  sidewall  slopes.  It 
appears  that  there  is  adequate  land  area  onsite  between  the  tank  farm  and  west  storm 
ditch  to  situate  the  treatment  system.  If  unspecified  site  specific  factors  limit  the  land 
availability,  then  a  system  consisting  of  concrete  tanks  could  be  considered.  This  would 
eliminate  land  requirements  for  berms,  but  substantially  increase  capital  costs. 

At  Cabot,  sludge  from  the  ponds  and  a  portion  of  sand  from  the  filter  is  removed  peri- 
odically and  placed  in  a  clay-lined  sludge  drying  bed.  Once  dried,  these  solids  are 
hauled  off-site  for  disposal  as  a  hazardous  waste.  Because  of  limited  land  area  at 
Columbian,  and  low  total  volumes  of  sludge  and  wastes  generated,  it  is  assumed  that 
waste  sand  and  sludge  would  be  hauled  directly  off-site. 

Operating  requirements  for  the  treatments  plant  will  include: 

•  Chemical  coagulant 

•  Filter  sand  and  sludge  and  disposal  costs  (for  the  purpose  of  costing,  assumed 
armually) 

,  4 

•  Electricity  and  maintenance 

•  Labour 

•  Sand  replacement. 
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Performance 

The  coagulation,  settling,  filtration  system  considered  for  Columbian  is  intended  to 
reduce  the  concentrations  of  TSS  in  storm  water.  At  Cabot,  the  treatment  system  is 
capable  of  achieving  mean  effluent  TSS  concentrations  of  4.9  mg/L,  although  the 
influent  concentration,  and  therefore,  the  removal  efficiency  is  unknown.  Removal 
efficiencies  typical  for  coagulation/settling  and  filtration  systems  are  presented  in  Table 
4  and  can  be  used  as  an  approximate  guide  for  the  potential  efficiency  achievable  by 
the  pond  treatment  system. 


Table  4 
Typical  Performance  of  Coagulation/Settling  and  Filtration  Systems 

Technology 

Efnuent  TSS  CoDccnlraikMis  (mg/L) 

Remova]  Emciencles  (%) 

Range 

Median 

Range 

MedUn 

Coagulalioo/Settling 
FtitiatioD 

2.5^3 
<  1-7300 

28 
17 

21->99 
6-99 

91 
76 

Source     Ref.  3 

The  use  of  the  TSS  removal  system  will  also  reduce  the  levels  of  any  contaminants  ass- 
ociated with  TSS,  which  may  include;  ammonia,  TKN  and  nitrate,  metals  and  sulphides. 
The  influent  concentration  of  the  contaminants  at  Cabot  has  not  been  measured,  and 
therefore,  it  is  not  possible  to  determine  the  Cabot  treatment  system  removal  efficiency 
directly. 

The  mean  concentrations  of  those  contaminants  considered  by  the  MOE  to  be  "Priority 
1"  in  storm  water  effluents  from  Columbian  are  compared  to  the  effluent  quaUty 
obtained  from  the  Cabot  treatment  system  in  Table  5.  This  data  is  presented  for  infor- 
mation purposes  and  should  be  used  with  caution,  since  effluent  concentrations  at 
Cabot  are  not  only  a  result  of  treatment  effectiveness  also  depend  on  the  unknown 
influent  quality. 

For  the  first  six  months  of  MISA  monitoring,  Cabot  produced  an  effluent  low  in  sus- 
pended solids  and  nutrients.  The  effluent  was  also  non-lethal  to  rainbow  trout  and 
Daphnia  magna.  The  toxicity  of  Columbian  storm  water  discharges  were  not  moni- 
tored. 


Capital  Costs 

Estimated  capital  costs  of  the  main  components  of  the  treatment  system  are  presented 
in  Table  6.  A  total  estimated  cost  of  $1.7  million  includes  implementation  of  the  treat- 
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ment  system,  pumping  stations  and  forcemains,  and  outfall  piping.  The  cost  for  a  new 
effluent  monitoring  station  was  not  included. 


Table  5 

Estimated  Performance  of  BAT  Option  1  Applied  to  Columbian  Storm  Water      | 

Effluents 

ATcni(c  ColunbUn 

Cabot  Emnrnt  OxKcntntiMi^ 

Storm  Water 

PanuDcUr 

Units 

Cooccotralion 

Minim  am 

Vfaxlmiun 

Mean 

Ammonia-N 

mg/L 

1.1 

0.03 

1.1 

0.15 

TKN 

mg/L 

1.8 

0.16 

1.6 

0.51 

Nitrate  +  Nitrite 

mg/L 

0.89 

0.025 

1.1 

0.61 

DOC 

mg/L 

7J 

0.8 

13 

3.1 

TOC 

mg/L 

9J 

n.d.'» 

nA. 

n.d. 

Specific  Conductance 

mg/L 

922 

260 

6,100 

750 

TSS 

mg/L 

45 

4.2 

65 

4.9 

AJ 

ng/L 

938 

190 

1.600 

661 

B 

l»g/L 

175 

15 

48 

33 

Cu 

lig/L 

15 

4 

48 

24 

Sn 

l»g/L 

328 

-) 

300 

169 

Zn 

Hg/L 

433 

4 

510 

74 

Phenolics 

Hg/L 

105 

1 

8 

IJ 

Sulphide 

mgA- 

292 

30 

30 

30 

Oil  &  Grease 

mgA. 

3.4 

196 

10 

IJ 

Chloride 

mg/L 

81 

14 

430 

127 

Sulphate 

mg/L 

234 

41 

65 

53 

Acute  toxicity 

Rainbow  trout 

mg/L 

n.d. 

- 

- 

non-leibal 

Daphnia  iDagna 

mg/L 

n.d. 

noD-lethal 

Notes: 

1.    Average  of  treans  for  Columbian  Control  Points  0100  and  0200  assutnio 

;  a  Qow  proportiomog  of  1:2.2  (based  on  calcu- 

lated  pump  Qow  rates  presented  in  Table  2). 

2.    12  month  MISA  Monitonng  data  trom  Cabot  DItcr  disrhargc. 

3.    Dau  does  not  neccssanty  reflect  concentrations  achievable  at  Columbian 

Operating  Costs 

The  estimated  annual  costs  of  operating  the  runoff  treatment  system  at  Columbian  are 
presented  in  Table  7. 

Cabot  has  requested  that  the  type  of  chemical  coagulant  they  used  be  treated  as  confi- 
dential information.  Costs  were  based  on  their  reported  costs.  Other  operating  costs 
include  labour  and  maintenance,  were  also  based  on  Cabot's  reported  costs.  It  was 
assumed  that  250  m^  of  sludge  and  sand  would  be  removed  from  the  ponds  armually 
and  disposed  off-site. 

Estimated  aimual  operating  costs  are  approximately  $97,000. 


TOEl/INORG/911/51 


Table  6 
Estimated  Capital  Cost  Components  of  Storm  Water  Pond  Treatment  System 

(ENR  CCI  6343) 

Component 

Capital  Cost  ($1991) 

Treatment  System 

East  Outfall  Pumping  Station 

West  Outfall  Pumping  Station 

Forcemain 

OutfaU 

5780,000 
$320,000 
5260,000 
5260,000 
5110,000 

Total  Capital  Cost^ 

$1,720,000 

Notes: 

1.  Includes  engineering  installation,  estimating  œntingency  and  G.S.T.  based  upon  data  supplied 
by  Cabot  Canada. 

1 ™ — _^ — . 

Table  7 
Estimated  Annual  Operating  Costs 

Component 

Annual  Operating  Cost  ($1991) 

Coagulant 

Labour  (including  coagulant  and  sludge  handling) 

Sludge  and  sand  disposal 

Energy  and  Maintenance 

Sand  replacement 

5300 

56,000 

$80,000 

$8,000 

53,000 

Total  (rounded) 

$97,000 

5.0 


SUMMARY  OF  COST  AND  PERFORMANCE 


Table  8  presents  a  summary  of  the  estimated  costs  and  performance  of  the  storm  water 
pond  treatment  system  if  it  were  implemented  at  Columbian  Chemicals. 
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Table  8 
Summary  of  Estimated  Cost  and  Performance 

CompoocDt 

Estimalcd  RooU                                    || 

Costs 

Capilal  Cost 

Annual  Operating  Cost 

si.t:û.ooo 

$97.000 

QuaUty  Pamnelcr 

EflhtcDl  CooceotnUioa 

TSS 

<5  mg/L^ 

Notes; 

I.    Based  on  typical  removal  efGciencies  for  cx>agulatioo/sedlmeiitation/Iilliation  systems.                                                   11 

TOR/INORG/911/51 


APPENDIX 

Figures  and  Tables 


Table  AI ,  Columbian  Chemirals  Canada. 

Summajy  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point;  ST01 00 
Description:  West  Outfall 

Cortaminant 

Units 

Concsntradon  over  12  Montti 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

0.027 

848 

182 

Ammonia  Plus  Ammonium 

mg/L 

0.17 

4.2 

1.26 

0.139 

Total  Kjeldahl  Nitrogen 

mg/L 

0.7 

6.7 

2.1 

0.244 

Nitrate  and  Nitnte 

mg/L 

0.68 

1.5 

1.14 

0.188 

DOC 

mg/L 

2.1 

11 

6.7 

0.92 

TOC 

mg/L 

5.1 

11 

8  1          1.39 

Specific  Conductance 

uS/cm 

450 

1300 

734  1 

Total  Suspended  Solids 

mg/L 

9 

200 

68 

15.934 

Aluminum 

ug/L 

280 

4200 

1420 

0.413 

Boron 

ug/L 

62 

330 

182 

0.026 

Copper 

ug/L 

5 

46 

16 

0.005 

Strontium 

•  ug/L 

140 

450 

292 

0.044 

Zinc 

ug/L 

52 

700 

186 

0.048 

Phenolics  (4AAP) 

ug/L 

1 

110 

14 

0.003 

Sulphide 

ug/L 

19 

1100 

210 

0.024 

Oil  and  Grease 

mg/L 

2.8 

11 

4.7 

0.894 

Chloride,  Unfiltered  Reactive 

mg/L 

16 

130 

54 

6.965 

Sulphate,  Unfiltered  Reactive 

mg/L 

80 

260 

164 

24.801 

Table  A2,  Columbian  ChemicaLs  Canada 

Summaiy  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  ST020O 
Description:  EastOutfaJI 

Cortaminant 

Unita 

ConcontratJon  over  12  Montti 
Samping  Period 

Loading 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

0.759 

1160 

322 

Ammonia  Plus  Ammonium 

mg/L 

0.32 

2.4 

1.06 

0.272 

Total  Kjeldahl  Nitrogen 

mg/L 

1 

3.1 

1.7 

0.496 

Nitrate  and  Nitnte 

mg/L 

o.4e 

1.3 

0.78 

0.239 

DOC 

mg/L 

3.5 

15 

7.8 

1.929 

TOC 

mg/L 

4.9 

29 

9.9 

2.629 

Total  Phosphorus 

mg/L 

0.069 

0.64 

0.138 

0.035 

Speafic  Conductance 

uS/cm 

510 

1700 

1010 

Total  Suspended  Solids 

mg/L 

20 

88 

34 

15.317 

Aluminum 

ug/L 

170 

1200 

715 

0.285 

Boron 

ug/L 

96 

280 

173 

0.047 

Copper 

ug/L 

2 

40 

15 

0.006 

Strontium 

ug/L 

220 

550 

345 

0.095 

Zinc 

ug/L 

66 

5500 

547 

0.211 

Phenolics  (4AAP) 

ug/L 

4 

1100 

147 

0.03 

Sulphide 

ug/L 

19 

1600 

331 

0.068 

Oil  and  Grease 

mg/L 

1.3 

5.1 

2.8 

0.85 

Chloride.  Unfittered  Reactive 

mg/L 

24 

210 

93 

21.785 

Sulphate,  Unfittered  Reactive 

mg/T. 

96 

430 

267 

69.612 

OUTFALL 


FILTER 
POND 


SETTUNG 
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Figure  AI 
SCHEMATIC  OF  PROPOSED 
POND  SYSTEM  AT  COLUMBIAN 
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APPENDIX  5 
Conpak,  A  Business  Unit  of  ICI  Canada  Inc. 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

CONPAK,  A  BUSINESS  UNIT  OF  ICI  CANADA  INC. 

1.0  PLANT  DESCRIPTION 

Conpak  is  a  filling  and  packaging  facility  for  a  number  of  products  including: 

•  Compressed  gases 

Chlorine 
Sulphur  dioxide 
Anhydrous  ammonia 

•  Liquids 

Sulphuric  acid 
Hydrochloric  acid 
Caustic  soda 
Caustic  potash 
Ammonium  hydroxide 
Hydrogen  peroxide 
Nitric  acid 
Acetic  acid 
Sodium  hypochlorite 
Hydrofluorosilicic  acid 

Intake  water,  supplied  by  the  City  of  Cornwall  is  used  for  the  following  purposes: 

•  Product  dilution 

•  Container  washing 

•  Floor  washing  and  equipment  washdowns 

•  Vent  gas  scrubbing 

Most  wastewater  from  the  plant  site  is  collected  in  a  sump  which  contains  two  neutral- 
ization tanks  which  are  coimected  in  series.  Wastewater  then  flows  to  an  effluent  check 
tank  prior  to  discharge.  Further  details  on  the  plant  processes  and  wastewater  gener- 
ation are  provided  in  the  site  visit  report  (Ref.  1). 
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2.0  WASTEWATER  SOURŒS  AND  QUALITY  ^ 

2.1  Wastewater  Sources 

Effluents  from  the  neutralization  check  tanks  are  batch  discharged  and  during  the 
MISA  Monitoring  Regulation  were  monitored  as  MISA  Control  Point  BAOIOO.  This 
was  the  only  monitoring  point  for  the  MISA  program.  Operations  contributing 
wastewater  to  this  control  point  are: 

Container  washing 

Floor  washing  and  equipment  washdowns 

Hydrostatic  testing  of  containers 

Caustic  scrubber 

Common  (water)  scrubber 

Compressor  condensate 

Valve  cleaning  bath. 

Groundwater  infiltration  in  the  effluent  collection  sump  is  suspected  to  also  contribute 
flows  to  BAOIOO.  Other  wastewater  sources,  including  once  through  non-contact  cool- 
ing water,  pump  seal  water  and  storm  water,  were  not  monitored  during  the  MISA 
mom"toring  period. 


2.2  Wastewater  Flows  and  Quality 

Table  Al  in  the  Appendix  presents  average,  maximum  and  minimum  flow  and  concen- 
tration data  as  well  as  average  daily  loadings  for  those  contaminants  defined  by  the 
Ministry  of  the  Environment  as  "Priority  I"  for  MISA  Control  Point  BAOIOO. 


3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for 
management  of  wastewater,  with  the  exception  of  storm  water  runoff\  were  con- 
sidered for  each  Ontario  Inorganic  Chemical  Sector  plant: 


Storm  water  runoff  quality  limits  will  be  established  separately  under  MISA,  in  œnjunction  with  a  program  to  conduct 
a  Storm  Water  Control  Study  at  each  site. 
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Option  1         -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3         -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4         -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  discussion. 


BAT  Option  1 

Toxicity  data  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA  Mo- 
nitoring Regulation  period  by  the  Ministry  of  the  Envirormient  are  presented  in  Appen- 
dix Table  A2.  Six  rainbow  trout  tests  and  five  Daphnia  magna  tests  were  carried  out 
on  samples  taken  at  Control  Point  BAOIOO.  The  toxicity  of  the  trout  samples  ranged 
from  14  percent  to  non-lethal  with  only  one  non-lethal  sample.  None  of  the  Daphnia 
magna  tests  were  non-lethal.  The  Daphnia  magna  lethal  concentration  results  ranged 
from  11.5  percent  to  greater  than  100  percent. 

Several  contaminants  may  be  directly  related  to  this  lethality,  including  ammonia,  pH 
and  extreme  values  of  TSS.  In  addition,  the  cimiulative  effects  of  several  heavy  metals 
may  be  playing  a  role,  including  cadmium,  copper,  nickel,  lead  and  zinc.  While  several 
chlorinated  hydrocarbons  are  "Priority  1"  parameters,  these  are  not  believed  to  be  con- 
tributing to  acute  lethality  since  similar  concentrations  of  the  majority  of  these  com- 
pounds in  the  final  effluent  at  nearby  ICI  Canada  Inc.  (Cornwall)  produced  non-lethal 
results.  Therefore,  BAT  Option  1  consists  of  measures  to  better  control  pH,  TSS, 
heavy  metals  and  ammonia. 

Source  control  of  these  contaminants  does  not  appear  to  be  a  viable  alternative  since 
ammonia  is  a  process  material  and  heavy  metals  may  be  contaminants  cleaned  out  of 
used  containers  or  which  originate  in  the  valve  cleaning  bath.  Similarly,  pH  and  TSS 
excursions  may  be  an  unavoidable  result  of  container  and  valve  cleaning. 
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It  should  also  be  noted  that  the  effluent  may  contain  residual  chlorine  from  the  clean- 
ing of  sodium  hypochlorite  containers,  but  it  is  not  possible  to  establish  whether  this  is 
contributing  to  lethality. 

The  most  appropriate  technology  for  the  combined  control  of  TSS,  heavy  metals  and 
pH  is  lime  addition  followed  by  sedimentation  and  filtration.  This  technology  has  sev- 
eral advantages  in  this  case,  including: 

•  Removal  of  dissolved  heavy  metals  through  the  formation  of  insoluble 
metal  hydroxides. 

•  Improved  TSS  removal  over  settling  alone  since  lime  addition  also  pro- 
vides for  coagulation. 

•  pH  control  through  neutralization  of  lime  treated  effluents. 

•  Incidental  removal  of  phosphorus  as  insoluble  hydroxylapatite. 

One  of  the  main  disadvantages  of  this  process  is  the  handling  of  the  large  amounts  of 
sludge  generated.  Dewatering  of  this  sludge  prior  to  disposal  may  be  required.  The 
resulting  dewatering  effluent  can  be  recycled  to  the  lime  addition  step. 

Several  technologies  are  available  for  reduction  of  ammonia  at  the  levels  present  in 
Conpak  effluents,  including: 

•  Ion  exchange 

•  Break  point  chlorination 

•  Air  stripping 

•  Biological  nitrification-denitrification. 


Air  Stripping 

The  U.S.  EPA  (Ref.  2)  reported  that  better  than  90  percent  ammonia  removal  was 
achievable  using  air  stripping,  resulting  in  effluent  concentrations  of  less  than  5  mg/L. 

The  air  stripping  process  involves  raising  the  pH  of  the  water  to  10.8  to  11.5  with  lime 
to  convert  all  ammonia  to  ammonium,  formation  and  reformation  of  water  droplets  in 
a  stripping  tower,  and  providing  air  water  contact  and  droplet  agitation  to  enable  trans- 
fer of  ammonia  to  air,  which  is  released  to  the  atmosphere. 

Several  problems  associated  with  air  stripping  have  been  identified  as  follows  (Ref.  2,  3, 
4): 
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.    •  Low  performance  efficiencies  in  cold  weather. 

•  High  operating  costs  because  of  intense  energy  requirements. 

•  Calcium  carbonate  scaling  as  a  result  of  lime  addition. 

•  Cross  media  pollutant  transfer;  the  ammonia  is  released  to  the  atmos- 
phere. Although  technologies  for  ammonia  recovery  from  air  exist,  they 
considerably  increase  the  complexity  and  cost  of  the  system. 

On  the  basis  of  the  above  points,  air  stripping  was  not  considered  to  be  a  demon- 
strated, practical  control  technology  for  treating  the  Conpak  effluent  stream. 

Breakpoint  Chlorination 

Breakpoint  chlorination  is  the  oxidation  of  ammonia  with  chlorine  to  result  in  the  ulti- 
mate formation  of  nitrogen  gas,  following  the  overall  reaction: 

2NH3  +  3  02  -  N2  +  6  HQ 

Theoretically,  7.6  mg/L  of  chlorine  (Clj)  are  required  to  oxidize  1  mg/L  of  ammonia- 
nitrogen. 

Breakpoint  chlorination  has  a  long  history  of  use  in  the  chlorination  of  potable  water 
supplies.  It  has  also  been  used  in  the  U.S.  for  minimizing  the  levels  of  un-ionized 
ammonia  in  effluents  from  other  nitrogen  removal  technologies.  However,  several 
problems  are  potentially  associated  with  the  use  of  this  technology  in  industrial 
wastewater  treatment,  including: 

•  Nitrate  and  nitrogen  trichloride  may  be  produced  in  the  breakpoint  chlor- 
ination reactions.  Nitrate  levels  are  already  substantial  at  Conpak,  while 
nitrogen  trichloride  exhibits  a  strong  chlorinous  odour,  making  its  forma- 
tion undesirable. 

•  Trihalomethanes  and  other  chlorinated  pollutants  may  be  formed. 

•  Total  dissolved  solids  levels  may  increase. 

•  Neutralization  may  be  required  to  increase  the  pH  after  treatment.  In 
addition,  a  dechlorination  process  to  remove  toxic  chlorine  residuals  is 
required.  Additional  treatment  steps  increase  the  complexity  of  the  sys- 
tem. 
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•  Careful  control  of  pH  is  critical  to  the  performance  of  the  process  and  to 

minimize  nitrogen  trichloride  formation. 

Based  on  the  above  potential  problems  associated  with  breakpoint  chlorination,  it  is  not 
a  recommended  technology  for  reducing  ammonia  levels  in  Conpak  effluents. 


Ion  Exchange 

Selective  ion  exchange  is  a  high-efficiency  ammonia  removal  process  for  streams  con- 
taining low  TDS  and  ammonia  concentrations.  The  waste  stream  is  passed  through  a 
bed  of  ion  exchange  resin  and  functional  groups  attached  to  the  resin  exchange  with 
ammonium  ions  in  solution.  Conventional  ion  exchange  resins  are  not  suitable  for 
anamonia  removal  because  most  ions  exchange  preferentially  to  the  ammonium  ion. 

However,  this  limitation  is  overcome  by  using  an  exchange  resin  selective  for  ammon- 
ium, such  as  clinoptilolite,  a  common  material  found  in  bentonite  deposits  which 
removes  ammonium  ions  from  water  preferentially  to  other  cations. 

The  optimum  exchange  pH  ranges  from  4  to  8.  Lower  values  result  in  excess  hydrogen 
ions  competing  with  the  NH4"^  for  exchange.  At  a  high  pH,  NH^*  is  predominantly 
converted  to  NH3  which  will  not  exchange  on  the  media.  The  process  is  insensitive  to 
temperature  fluctuations,  but  becomes  less  effective  as  ionic  strength  (TDS  concentra- 
tion) increases  due  to  the  effect  of  competing  cation  concentrations  on  the  capacity  of 
the  media  for  ammonium  (Ref.  5). 

The  exchange  column  can  be  regenerated  with  a  sodium  or  calcium  salt  solution  and 
the  nitrogen  can  be  recovered  from  the  régénérant  by  air  stripping,  steam  stripping,  or 
electrolytic  treatment. 

Reported  applications  of  selective  ion  exchange  for  ammonia  removal  include  the  treat- 
ment of  municipal  wastewaters  having  ammonia  concentrations  of  about  25  mg/L  The 
U.S.  EPA  suggested  ion  exchange  as  an  alternative  treatment  process  to  achieving  BAT 
effluent  limits  in  the  nitrogen  fertilizer  industry  (Ref.  2).  In  the  global  search  carried 
out  for  this  study,  it  was  found  that  ion  exchange  was  implemented  in  the  1970s  at 
more  than  10  nitrogen  fertilizer  facilities.  However,  currently  only  one  process  is  re- 
maining in  operation.  Operating  problems  that  were  encountered  resulted  in  the  dis- 
continuation of  the  use  of  this  process^  (Ref.  6).  Based  on  these  problems,  this  pro- 
cess is  not  recommended  for  Conpak  effluents. 


Details  on  operating  problems  collected  by  SAIC  are  cuirenily  unavailable. 
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Biological  Ammonia  Removal 

Biological  ammonia  removal  is  the  natural  conversion  of  ammonia  to  nitrate,  and 
nitrate  to  molecular  nitrogen  in  a  two  stage  process.  The  first  stage,  nitrification,  takes 
place  under  aerobic  conditions,  while  the  second  stage  denitrification  is  anoxic,  and 
must  have  a  carbon  source  (typically  methanol).  Both  suspended  growth  and  fixed  film 
systems  are  available.  Details  on  the  process  are  provided  in  a  general  technology 
report  (Ref.  7). 

Biological  ammonia  removal  has  been  applied  to  treating  ammonia  nitrogen  levels  in 
industrial  wastewaters  with  30  to  700  mg/L  (Ref.  7)  and  is  recommended  for  the  reduc- 
tion of  both  ammonia  and  nitrate  levels  in  Conpak  effluents. 

In  summary,  BAT  Option  1  for  Conpak  effluents  includes  lime  addition  with  sedimen- 
tation and  filtration  followed  by  biological  nitrification/denitrification  for  the  control  of 
pH,  TSS,  heavy  metals  and  nitrogen  compounds.  Further  details  on  the  components, 
performance  and  costs  of  this  treatment  system  appear  in  Section  4.1. 


BAT  Option  2 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,  1989  edition),  BAT  and  effluent 
limitations  were  not  defined  for  plants  which  package  liquid  and  compressed  gas  inor- 
ganic chemical  products.  Thus,  a  BAT  Option  2  was  not  defined  for  Conpak. 


BAT  Option  3 

One  other  plant  in  the  Ontario  Inorganic  Chemical  Sector  packages  acids  (Sulco  Chem- 
icals Limited  in  Ehnira).  This  plant  is  not  directly  comparable  to  Conpak  for  two 
major  reasons: 

•  Over  95%  of  wastewater  flows  at  Sulco  do  not  originate  from  the  packag- 
ing operafion. 

•  The  only  products  packaged  at  Sulco  are  inorganic  acids. 

However,  both  plants  require  control  of  pH  and  TSS.  Sulco's  treatment  system  consists 
of  the  use  of  sodium  carbonate  addition  followed  by  settling  in  ponds  and  cloth  bag 
filtration.  The  system  operates  on  a  continuous  basis  and  effluent  is  monitored  for  pH. 
Alarms  indicate  when  pH  is  outside  the  appropriate  range  for  discharge  and  chemical 
addition  is  adjusted  accordingly. 

Conpak  could  achieve  comparable  treatment  through  the  use  of  the  recommended  lime 
treatment  system  coupled  with  a  settling/filtration  system  equivalent  to  that  described  in 
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the  sister  plant  technology  report  for  Cabot  Canada  Limited  (Ref.  8).    Therefore,  BAT 
Option  3  is  the  use  of  this  technology  as  described  in  Section  4.2. 


BAT  Option  4 

BAT  Option  4  includes  recommendations  for  the  maximum  removal  of  "Priority  1" 
parameters.  In  the  case  of  Conpak,  BAT  Option  4  includes  technologies  from  both 
BAT  Options  1  and  3  for  the  maximum  removal  of  acutely  lethal  contaminants,  such  as 
pH,  TSS,  heavy  metals  (cadmium,  copper,  lead,  nickel  and  zinc)  and  ammonia.  These 
technologies  are: 

•  Lime  addition  followed  by  settling  and  pH  adjustment  as  well  as  possible 
sludge  dewatering 

•  Filtration 

•  Biological  nitrification/denitrification 

These  technologies  will  provide  some  incidental  removal  of  a  number  of  additional 
"Priority  1"  parameters  at  Conpak  including: 

Phosphorus 

Volatile  chlorinated  hydrocarbons 

COD 

DOC  and  TOC 

Phenolics 

Oil  and  grease 

The  remaining  "Priority  1"  parameters  must  also  be  addressed  under  this  option.  Care- 
ful review  of  the  process  and  quality  of  effluents  (Table  Al)  at  the  plant  indicated  that 
a  number  of  contaminants  are  present  at  levels  which  are  consistent  with  surface  water 
quality  in  Ontario,  including: 

Aluminum 

Boron 

Cobalt 

Chromium 

Strontium 

Thallium 

Arsenic 

Antimony 

Selenium 

Technologies  for  the  removal  of  these  low  levels  of  contaminants  may  be  available  and 
have  been  used  in  specific  applications  (e.g.  drinking  water  treatment).   However,  an 
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exhaustive,  global  search  carried  out  as  part  of  this  study  did  not  identify  practical  appl- 
ications of  these  technologies  to  treating  industrial  wastewater  effluents  with  sirnilar 
contaminant  concentrations. 

At  the  relatively  low  levels  present,  oil  and  grease  and  phenolics  may  be  contributed 
from  spills  to  floor  drains  during  equipment  maintenance  and  similar  tasks.  Manage- 
ment practices  for  source  control  is  the  recommended  approach  to  further  reduce  oil 
and  grease  and  phenolics  loadings  in  effluents.  These  efforts  should  also  reduce  DOC 
and  TOC  levels. 

The  remaining  "Priority  1"  parameters  at  Conpak  include  volatile  and  non-volatile  chlo- 
rinated hydrocarbons  and  mercury.  The  source  of  these  contaminants  is  not  clear  and 
should  be  established  prior  to  developing  treatment  options. 

Volatile  chlorinated  hydrocarbons  may  be  formed  during  contact  of  chlorine  or 
hypochlorite  containers  with  solvents  or  other  oil  and  grease  sources.  They  could  also 
possibly  be  contaminants  in  the  used  containers  returned  to  the  plant  for  refilling. 
However,  it  should  be  noted  that  the  effluent  is  suspected  to  contain  groundwater 
which  has  infiltrated  the  sump  where  effluent  is  collected.  Approximately  two-thirds  of 
the  "Priority  1"  chlorinated  hydrocarbons,  both  volatile  and  non-volatile,  were  also  "Pri- 
ority 1"  contaminants  in  effluents  at  the  nearby  ICI  Cornwall  plant.  This  suggests  poss- 
ible site  and/or  groundwater  contamination  in  the  area.  A  source  identification  and 
control  study  should  be  conducted  for  chlorinated  hydrocarbons,  including  possible 
ground  water  concerns.  Source  control  measures  will  likely  be  the  most  effective  con- 
trol technology  for  chlorinated  hydrocarbons;  however,  some  incidental  removal  of 
volatile  species  may  occur  in  biological  nitrification/denitrification  through  losses  to  the 
atmosphere. 

No  source  of  mercury  could  be  firmly  established,  although  nearby  ICI  Canada  Inc. 
(Cornwall)  is  a  chlor-alkali  plant  using  the  mercury  cell  process.  Once  again,  a  source 
identification  and  control  study  is  recommended.  It  should  be  noted  that  effective 
removal  of  both  mercury  and  chlorinated  hydrocarbons  may  be  achieved  through  pow- 
dered activated  carbon  (PAC)  addition  to  the  nitrification/denitrification  system.  How- 
ever, this  option  would  be  recommended  only  if  source  identification  and  control  failed 
to  control  these  contaminants  since  it  introduces  increased  operational  complexity  and 
additional  treatment  residuals  requiring  management. 

Dissolved  solids  such  as  chloride,  fluoride  and  sulphate  are  present  in  Conpak  effluents 
at  levels  which  are  only  somewhat  elevated  but  which  are  treatable.  A  somewhat 
unique  opportunity  exists  for  treatment  of  these  dissolved  solids  in  Conpak  effluents. 
BAT  options  for  the  nearby  ICI  Cornwall  plant  include  concentration  and  drying  of  the 
plant  effluent  wastewater  stream  (Ref.  9).  This  option  is  proposed  for  effluent  reac- 
hing MISA  Control  Point  PR0400  at  ICI  and  is  sized  for  220  m^/d.  In  addition,  recycl- 
ing of  this  wastewater  to  the  chlor-alkali  process  is  proposed. 
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Thus  BAT  Option  4  for  Conpak  includes  sending  effluent  to  ICI  Cornwall  for  further 
treatment  of  dissolved  solids  (TDS).  In  order  that  the  amount  of  wastewater  to  be 
treated  for  TDS  removal  will  be  minimal,  recycling  of  wastewater  within  Conpak  should 
occur.  This  would  involve  recycling  effluent  from  the  nitrification/denitrification  step  as 
washwater  for  container  cleaning.  However,  since  100%  recycle  will  not  be  achieved,  it 
is  estimated  that  the  amount  of  effluent  sent  for  further  treatment  at  ICL  Cornwall 
would  be  approximately  10  m^/d.  This  flow  is  not  significant  compared  to  the  220  rn^/d 
being  treated  at  ICI  and  will  not  significantly  affect  the  performance  and  cost  of  treat- 
ment at  ICI. 

In  summary,  BAT  Option  4  consists  of  the  following  technologies: 

•  Lime  addition  followed  by  settling  and  pH  adjustment  as  well  as  sludge 
dewatering  for  control  of  TSS  and  heavy  metals 

•  Filtration  for  control  of  TSS  and  heavy  metals 

•  Biological  nitrification/denitrification  for  control  of  nitrogen  compounds 

•  Management  practices  for  control  of  oil  and  grease  and  phenolics 

•  Recycle  of  treated  wastewater  to  process 

•  Treatment  of  chloride,  fluoride  and  sulphate  using  facilities  proposed  as 
BAT  Options  at  ICI  ComwaU 

This  option  is  discussed  in  further  detail  in  Section  4.3. 

BAT  Option  5 

BAT  Option  5  includes  technologies  which  bring  the  plant  furthest  toward  zero-dis- 
charge. For  Conpak,  the  proposed  use  of  treatment  facilities  at  ICI  Cornwall  under 
BAT  Option  4  necessitated  maximum  reuse  and  recycling  of  wastewater.  Thus,  BAT 
Option  5  is  the  same  as  BAT  Option  4  in  this  case. 

Summary 

Table  1  presents  a  summary  of  BAT  Options  defined  for  Conpak. 

4.0  BAT  OPTIONS 

BAT  Option  2  was  not  defined  for  Conpak  and  BAT  Option  5  is  the  same  as  BAT 
Option  4  for  this  plant.  BAT  Options  1,  3  and  4  are  described  below. 
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4.1  BAT  Option  1 

Description 

BAT  Option  1  consists  of  two  technologies: 


Table  1 
Summary  of  BAT  Options  for  Conpak 

BATOpUon 

DeOniUoD 

Description 

1 

Least  cost  producing  noo-lethai  effluents. 

•  Lime  addition,  sedimentation  and  filtration 

*  Biological  mtriCcation/  denilriflcation. 

2 

U.S.  BAT. 

No  U.S.  BAT  defined. 

3 

Best  demonstrated  in  Ontario. 

•  Lime  addition  and  sedimentation. 

•  Filtration. 

4 

Maximum  reduction  of  pollutants. 

•  Lime  addition  and  sedimentation. 

•  Filtration. 

•  Biological  nitrifjcation/  denitrification. 

•  Management  practices  for  oil  and  grease  and 
phenolics. 

•  Recycle  of  treated  wastewater  to  process. 
TDS  removal  at  ICI  Cornwall. 

5 

Funhest  toward  zero-discharge  of  pol- 
lutants. 

•               Same  as  BAT  Option  4. 

Lime  addition,  settling  and  filtration  similar  to  the  system  described  in 
the  sister  plant  technology  report  for  Cabot  Canada  Limited  (Ref.  8). 
The  pH  of  the  wastewater  is  raised  to  9  to  11.5  through  the  in-line  addi- 
tion of  lime.  This  results  in  the  precipitation  of  metals.  Optimal  pH  for 
metal  removal  would  have  to  be  determined  in  a  treatability  study. 
Solids  are  settled  in  the  settling  pond  which  follows.  After  settling,  the 
effluent  passes  through  a  passive  sand  filter  which  is  required  to  remove 
metals  to  below  their  current  levels.  The  effluent  from  the  filter  is  neu- 
tralized, through  the  in-line  addition  of  sulphuric  acid,  to  a  pH  of  7. 
Neutral  pH  is  required  for  the  subsequent  nitrification-denitrification 
step.  This  treatment  system  also  provides  flow  equalization  for  down- 
stream treatment. 

Biological  nitrogen  removal  using  nitrification-denitrification  as  described 
in  a  general  technology  report  (Ref.  7).  Ammonia  and  nitrate  levels  are 
reduced  through  biological  nitrification-denitrification.  The  system  con- 
sists of  coupled  biological  fluidized  bed  reactors.  The  nitrification  unit  is 
supplied  with  pure  oxygen,  while  the  denitrification  unit  may  require  the 
addition  of  methanol  as  a  supplemental  carbon  source. 


11 


TOR/INORG3/993.51 


Performance 

The  projected  performance  of  the  implementation  of  BAT  Option  1  is  presented  in 
Table  2.  It  should  be  noted  that  projected  performance  is  based  on  reported  median 
removal  efficiencies  (Ref.  10)  for  lime  addition/sedimentation/filtration  but  that  only 
treatability  studies  on  the  Conpak  effluent  will  determine  achievable  concentrations. 


Table  2 

Projected  Performance  of  Implementing  BAT  Option  1 

Tcchnoloer 

Exkling 

Proiecl«if^> 

CoBccDtralioo 

Lo«Uii« 

CoDccolratiaa 

(mi/L) 

(Vd) 

(mg/L) 

Md^ 

Lime  Addi- 

TSS 

83 

3.2 

SJ 

0J2 

iion/Sedimeniaiion/ 

Cadmium 

0.024 

0.001 

0.003 

<  0.001 

Filtraiion/pH  Adjiuiment 

Copper 

0.6S4 

0.027 

0.048 

0.002 

Lead 

0.734 

0.029 

0.125 

0.005 

Nickel 

0.240 

0.009 

0.060 

0.002 

Zinc 

0.188 

0.007 

0.013 

<  0.001 

Nilrificalion/Dcnitnficaiion 

Ammonia-nitrogen 

53 

1-5 

0J3 

0.015 

Nitrate-nitrogen 

57 

1.8 

OSl 

0.018 

Notes; 

1.               Based  on  median  removal  effidendes  reported  in  Ref.  10  for  lime  addition  and  in  Ref.  7  for  oilrifica-                        || 

tioa/deuinCcauon. 

Costs 

Capital  and  operating  costs  for  implementing  BAT  Option  1  are  summarized  in  Table 
3.  Costs  for  the  lime  addition/settling/filtration/pH  adjustment  system  are  based  on 
information  from  Ref.  8  and  include  the  following  items: 


Lime  storage  and  metering  system 

Twin  settling  and  filtration  ponds 

Associated  piping  and  overflow  structures 

35  percent  installation 

30  percent  contingency  allowance 

15  percent  engineering 

7  percent  G.S.T. 
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Table  3 
Summary  of  Costs  for  BAT  Option  1  at  Conpak^^^ 

Technologjr 

Capital  Cost 

Annual  Operating  Cost 

Lime  addition/Settling/Filtration/pH  Adjustment 
Nitrification-Denitrification 

S  116^00 
S503,000 

Note  2 
S3,6002 

Total 

$619^00 

Notes: 

1.  Based  on  information  from  Refs.  7  and  8. 

2.  Chemical  requirements  (lime  and  sulphuric  acid)  and  disposal  of  the  resulting  sludge  con- 
stitute the  majority  of  operating  costs,  and  cannot  be  accurately  estimated  without 
treatability  study  results. 

3.  Includes: 

•  Oxygen 

•  Electricity 

•  Methanol 

•  Sludge  disposal 

Costs  for  the  nitrification-denitrification  system  are  based  on  information  from  Ref.  7 
and  include  the  following  items: 

Ruidized  bed   reactors  for  nitrification   and   denitrification  including 
oxygenator  pits 

Clarifier  with  polymer  addition  system 

Mechanical  equipment,  pumps,  piping  and  valves 

Installation  and  site  work 

35  percent  installation 

30  percent  contingency  allowance 

15  percent  engineering 

7  percent  G.S.T. 

Treatment  ponds  for  the  settling  system  and  nitrification-denitrification  reactors  would 
be  situated  outside.  Therefore,  additional  cost  for  buildings  would  not  need  to  be 
incurred. 
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4.2  BAT  Option  3 

Description 

BAT  Option  3  consists  of  the  lime  addition/settling/filtration/pH  adjustment  system 
described  under  BAT  Option  1  in  Section  4.1. 

Performance 

The  projected  perfonnance  of  implementing  BAT  Option  3  was  summarized  previously 
in  Table  2  for  the  applicable  technologies. 


Costs 

Costs  of  the  lime  addition/settling/filtration/pH  adjustment  system  were  summarized  pr- 
eviously in  Table  3  for  the  applicable  technologies. 


4J  BAT  Option  4 

Description 

BAT  Option  4  consists  of  BAT  Option  1,  along  with  the  following  measures: 

•  Management  practices  for  the  control  of  oil  and  grease  and  phenolics 

•  Maximum  recycle  of  treated  wastewater  to  process 

•  Treatment  of  residual  effluent  for  dissolved  solids  using  facilities  pro- 
posed as  BAT  Options  at  ICI  Cornwall. 

Management  practices  for  source  control  of  oil  and  grease  releases  will  include  diligent 
collection  of  oils  during  equipment  maintenance  and  repair,  routine  inspection  of 
equipment  for  oil  leaks,  containment  of  higher  risk  leak  and  spill  areas,  placement  of 
absorbent  socks  and  pads  around  equipment,  employee  training  on  oU  spiU  procedures, 
etc. 

Recycle  of  treated  wastewater  for  use  in  container  washing  will  be  limited  by  the  build- 
up of  dissolved  solids,  but  it  is  reasonable  to  assume  a  recycle  rate  of  70  percent.  The 
remaining  30  percent  of  flows,  or  approximately  10  mVd,  would  be  pumped  to  nearby 
ICI  Cornwall  for  treatment.  A  pumping  station,  pipeline  and  appropriate  fittings  would 
be  the  only  capital  cost  items. 
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Performance 

Since   BAT  Option  4  eliminates  discharge   at  MISA  Control  Point   BAOIOO,   all 
contaminants  are  reduced  by  100  percent. 


Costs 

Costs  for  the  implementation  of  BAT  Option  4  are  summarized  in  Table  4. 


Table  4 
Summary  of  Costs  for  BAT  Option  4  at  Conpak 

Technologjr 

Capital  Cost 

Annual  Operating 
Cost 

Lime  addition/  Setlling/Filtration/pH  Adjustment 

S116J0(P 

Note  1 

N  itriCcation/DenitrifJcation 

S503,0OO^ 

$3,600^ 

Best  management  practices  for  control  of  oil  and  grease 

negligible 

negligible 

Maximum  recvcle  of  treated  wastewater 

negligible 

negligible 

Treatment  at  ICI  Cornwall 

•  Pumping  station 

•  Piping  and  Ottings 

$25.000'* 
Notes 

52,500'' 
$      0^ 

Total 

$644,500^ 

$6,100^ 

Notes: 

1.  Chemical  requirements  (lime  and  sulphuric  acid)  and  disposal  of  the  resulting  sludge  constitute  the  majority  of  operating 
costs,  and  cannot  be  accurately  estimated  without  treatability  study  results. 

2.  Includes  oxygen,  electricity,  methanol  and  sludge  disposal. 

3.  Sec  Section  4.1  and  Table  3. 

4.  Developed  based  on  ReL  11. 

5.  Distance  to  ICI  unknown;  a  unit  cost  of  S160/m  may  be  assumed  for  piping  costs,  which  are  not  included  in  the  total. 

Costs  for  implementing  management  practices  for  oil  and  grease  control  caimot  be  cal- 
culated in  detail,  since  the  necessary  changes  to  the  plant  and  employee  training  could 
not  be  defined  within  the  scope  of  the  study.  It  is  reasonable  to  assume,  however,  that 
these  costs  would  be  relatively  small  for  minor  changes  around  the  plant  such  as  con- 
tainment implementation.  Negligible  costs  were  also  assumed  for  including  oil  control 
procedures  in  staff  training  programs,  and  other  routine  operating  requirements. 

The  capital  cost  of  the  pumping  and  piping  requirements  for  treated  wastewater  recycle 
will  be  negligible  in  comparison  to  the  treatment  system  itself. 
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5.0 


SUMMARY  OF  COST  AND  PERFORMANCE  OF  BAT  OPTIONS 


Table  5  presents  a  sxunmary  of  estimated  costs  and  projected  performance  of  imple- 
menting BAT  options  at  Conpak. 


= 

Table  5 

Summary  of  Cost  and  Performance  of  BAT  Options 

Compoocat 

BAT  OpUoD  I 

BAT  Opiion  2 

BAT  Option  3 

BAT  OpUoas  4  mod  S 

Cosl 

Capital 

$619^00 

SO 

$116J00 

S644^00^ 

Opcraling 

$   3,600^ 

SO 

Note  1 

S    6.100^ 

Performaocr  (Cootaminant  Loadlnj;  ReducUoo  k^d) 

TSS 

Z9 

0.0 

2.9 

3.2 

Cadmium 

<  0.001 

0.0 

<0.001 

0.001 

Copper 

0.025 

0.0 

0.025 

0.027 

Lead 

0.024 

0.0 

0.024 

0.029 

Nickel 

0.007 

0.0 

0.007 

0.009 

Zinc 

0.006 

0.0 

0.006 

0.007 

Ammonia-nitrogen 

1.50 

0.0 

Note  3 

1.52 

Nitrale-rulrogen 

1.82 

0.0 

Note  3 

1.S4 

Oil  and  Grease 

0.0 

0.0 

0.0 

0.099 

Notes: 

I.               Chemical  requirements  and  amount  of  sludge  for  disposal  unknown  and  not  included  m  operating  cast 

2.               Piping  requirements  unknown  and  not  included  in  capital  oosl 

3.               Not  a  targeted  contaminant;  madental  removal  may  ocair. 

6.0 
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APPENDIX 
Tables 


Table  AI,  Stanchem,  A  Business  Unit  of  ICI  Inc.,  (Cornwall) 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  BA01 00 
Description:  Compac  Effluent 

Contaminant 

Units 

Concentration  over  12  Month 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

0.2 

153 

31.4 

COD 

mg/L 

10 

140 

75 

1.37 

Hydrogen  Ion  (pH) 

1.4 

12.9 

7.14 

Ammonia  Plus  Ammonium 

mg/L 

2.2 

200 

53 

1.52 

Total  Kjeldahl  Nitrogen 

mg/L 

0.7 

145 

37 

1.176 

Nitrate  and  Nitrite 

mg/L 

0.156 

.    1300 

57 

1.844 

DOC 

mg/L 

4.4 

1080 

52 

2.358 

TOC 

mg/L 

4.4 

940 

57 

2.528 

Total  Phosphoms 

mg/L 

0.02 

86.5 

6.6 

0.252 

Specific  Conductance 

uS/cm 

460 

24400 

4900 

Total  Suspended  Solids 

mg/L 

4 

580 

83 

3.2 

Aluminum 

ug/L 

27 

2040 

.o^«582 

0.014 

Boron 

ug/L 

6 

W 

^^^.,3^9 

0.006 

Cadmium 

ug/L 

3 

^•^^ 

^^^   24 

0.001 

Cobalt 

ug/L 

5 

^^^ 

15 

0.001 

Chromium 

ug/L 

^ 

.^'^'' 

76 

0.003 

Copper 

ug/L 

23 

^  9200 

684 

0.027 

Nickel 

ug/L 

20 

2520 

240 

0.009 

Lead 

ug/L 

75 

5440 

734 

0.029 

Strontium 

ug/L 

182 

570 

288 

0.007 

Thallium 

ug/L 

11 

160 

36 

0.001 

Zinc 

ug/L 

10 

1290 

188 

0.007 

Arsenic 

ug/L 

2 

27.5 

6.4 

0 

Antimony 

ug/L 

2 

15 

3 

0 

Selenium 

ug/L 

0.96 

112 

14.9 

0.001 

Mercury 

ug/L 

0.08 

64 

3.2 

0 

Phenolics  (4AAP) 

ug/L 

2 

38.6 

10.4 

0 

Dibronrxx:hloromethane 

ug/L 

0.4 

107 

2.9 

0 

Chloroform 

ug/L 

0.4 

1160 

50 

0.002 

Cartxjn  Tetrachloride 

ug/L 

0.3 

125 

2.8 

0.001 

Tetrachloroethylene 

ug/L 

0.4 

8.9 

2.56 

0 

Benzene 

ug/L 

0.68 

2.7 

1.69 

0 

Hexachlorobutadiene 

ng/L 

6.9 

220 

43 

0 

Hexachlorocyclopentadiene 

ng/L 

3.8 

60 

19 

0 

Hexachlorobenzene 

ng/L 

3 

1440 

410 

0 

Hexachloroethane 

ng/L 

42 

5210 

1670 

0 

Octachlorostyrene 

ng/L 

1.2 

96 

17.3 

0 

Pentachlorobenzene 

ng/L 

9 

93 

36 

0 

2,4.5-Trichlorotoluene 

ng/L 

1.4 

83 

41 

0 

1 ,2,3-Trichlorobenzene 

ng/L 

2.6 

198 

52 

0 

Table  AI ,  Stanchem,  A  Business  Unit  of  ICI  Inc.,  (Cornwall) 
Summary  of  Ftows  and  Priority  One  Pollutants 
MISA  Control  Point:  BAOIOO 
Description:  Compac  Effluent 

Contaminant 

Units 

Concentration  over  12  Month 
Sampfing  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

1 ,2,3,4-Tetrachlorot>enzene 

ng/L 

1.2 

11\AA    38.2 

0 

1 ,2,3,5-Tetrachlorobenzene 

ng/L 

2.1 

..va63S^ 

"         10.3 

0 

1 ,2,4-Trichlorobenzene 

ng/L 

.,9.\>oc^:  mr-     48 

0 

1 ,2,4,5-Tetrachtorobenzene 

ng/L 

^^\lk 

^VÇ\^^     44 

20.6 

0 

Octachtorodit>enzo-p-dioxin 

pg/L 

s^ 

540 

292 

0 

Octachlorodibenzofuran 

pg/L 

56 

.      180 

118 

0 

Oil  and  Grease 

mg/L 

0.9 

15.4 

2.88 

0.099 

Chloride,  Unfiltered  Reactive 

mg/L 

44 

11200 

1360 

49.254 

Fluoride,  Unfiltered  Reactive 

mg/L 

1.58 

2.3 

1.94 

0.044 

Sulphate,  Unfiltered  Reactive 

mg/L 

95 

4560 

986 

35.664 

"•* ' 1 

Table  A2 

Toxicity  Data  for  the  First  Six  Months  of  the  MISA  Monitoring  Regulation  for 

Conpak,  A  Business  Unit  of  ICI  Canada  Inc. 

Test  Species 

Nomber  or  Samples 

Range  of  Data 

Number  of  Non» 
lethal  Samples 

Trout 

6 

14%  to  non-lethal 

1 

Daphnia  magna 

5 

1U%  to  >100% 

0 

ICI 
Cornwall 
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Conpak  Plant 

CONCENTRATKJNS 

LOADINGS    kg/d 

ATG 

PARAMETER 

RMOL 

UNO- 

BA0100 

IN  0300 

BA  0100 

IN  0300 

c 

Total  suspended  solids 

5 

mg/L 

83.4 

4.9 

3.2 

0.154 

c 

Hydrogen  ion  (pH) 

7.13 

7.95 

c 

Specific  conductance 

uS/cm 

4900 

229 

c 

DOC 

0.5 

mg/L 

52.1 

3.8 

2.36 

0.119 

c 

TOC 

5 

mg/L 

56.8 

2.53 

c 

Oil  and  grease 

1 

mg/L 

2.88 

0.9 

0.099 

0.028 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

49.5 

0.15 

1.41 

0.005 

c 

Nitrate  +  Nitrite 

0.25 

mg/L 

56.9 

0.368 

1.83 

0.012 

c 

Total  KjeldaN  nitrogen 

0.5 

mg/L 

34.9 

0.391 

1.09 

0.012 

c 

Total  phosphorus 

0.1 

mg/L 

6.63 

0.038 

0.252 

0.001 

09 

Aluminum 

30 

ug/L 

379 

80.8 

0.014 

0.003 

09 

Beryllium 

10 

ug/L 

5.82 

12.2 

- 

- 

09 

Boron 

50 

ug/L 

149 

0.006 

09 

Cadmium 

2 

ug/L 

24 

9 

0.001 

- 

09 

Chromium 

20 

ug/L 

75.8 

18 

0.003 

0.001 

09 

Copper 

10 

ug/L 

679 

16.9 

0.027 

0.001 

09 

Lead 

30 

ug/L 

728 

21.7 

0.028 

0.001 

09 

Molybdenum 

20 

ug/L 

9.23 

32 

- 

0.001 

09 

Nickel 

20 

ug/L 

239 

13.2 

0.009 

- 

09 

Strontium 

20 

ug/L 

288 

0.007 

09 

Thallium 

30 

ug/L 

36.2 

33 

0.001 

0.001 

09 

Vanadium 

30 

ug/L 

10.2 

67 

- 

0.002 

09 

Zinc 

10 

ug/L 

187 

14.5 

0.007 

- 

10 

Antimony 

5 

ug/L 

3.42 

2 

- 

- 

10 

Arsenic 

5 

ug/L 

6.15 

3 

- 

- 

10 

Selenium 

5 

ug/L 

13.8 

2 

- 

- 

11 

Chromium  (hexavaient) 

10 

ug/L 

10.1 

- 

12 

Mercury 

0.1 

ug/L 

3.15 

0.354 

- 

- 

14 

Phendics  (4AAP) 

2 

ug/L 

10.4 

2.39 

- 

- 

16 

Carbon  tetrachloride 

1.3 

ug/L 

27.9 

0.367 

0.001 

- 

16 

Chloroform 

0.7 

ug/L 

49.4 

7.81 

0.002 

- 

16 

Oibromochloromethane 

1.1 

ug/L 

2.86 

0.933 

- 

- 

16 

Tetrachloroethyler>e 

1.1 

ug/L 

2.55 

0.4 

- 

- 

17 

Benzene 

0.5 

ug/L 

1.69 

0.14 

- 

- 

17 

Toluene 

0.5 

ug/L 

2.92 

0.128 

- 

- 

17 

m  — Xylene  and  p-Xylene 

1.1 

ug/L 

1.71 

0.204 

- 

- 

17 

o-Xylene 

0.5 

ug/L 

0.865 

0.292 

- 

- 

19 

Benzylbutylphttialate 

0.6 

ug/L 

0.74 

- 

19 

Bi3(2-ethylhexyl)  phthalate 

Z2. 

ug/L 

10.7 

- 

19 

Di-n-butyl  phthalate 

3.8 

ug/L 

9.15 

- 

ICI 

Cornwall 
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Conpak  Plant 

CONCENTRATIONS 

UOADINGS  kg/d 

ATG 

PARAMETER 

RMOL 

UNrr 

BA0100 

IN  0300 

BA0100 

IN  0300 

23 

1 ,2.3,4-Tetrachlorobenzene 

10 

ng/L 

37.5 

10 

- 

- 

23 

1 ,2,3,5— Tetrachlorobenzene 

10 

ng/L 

10.3 

3 

- 

_ 

23 

1 ,2,3— Trichlorobenzono 

10 

ng/L 

52.1 

11.3 

- 

_ 

23 

1 ,2,4,5— Tetrachlorobenzene 

10 

ng/L 

20.8 

3 

- 

_ 

23 

1 ,2,4— Trichlorobenzene 

10 

ng/L 

47.4 

3 

_ 

_ 

23 

2,4,5— Trichlorotoluene 

10 

ng/L 

39.7 

3 

- 

_ 

23 

Hexachlorobenzene 

10 

ng/L 

404 

3 

- 

- 

23 

Hexachlorobutadiene 

10 

ng/L 

42.5 

5 

- 

- 

23 

Hexachlorocydopentadiene 

10 

ng/L 

18.6 

17 

- 

_ 

23 

Hexachloroe  thane 

10 

ng/L 

1690 

3.17 

- 

■    -, 

23 

Octachlorostyrene 

10 

ng/L 

17.2 

6.92 

- 

_ 

23 

Pentachlorobenzene 

10 

ng/L 

35.3 

4 

- 

- 

24 

Octachlorodibenzo— p— dioxin 

30 

pg>T- 

293 

- 

24 

Octachlorodibenzofuran 

30 

pg>a. 

118 

- 

27 

PCBT 

0.1 

ug/L 

0.075 

- 

98 

Ftflow 

m3/d 

31.4 

11 

Chloride 

2 

mg/L 

1380 

22.5 

50.2 

0.706 

13 

Sulphate 

5 

mg/L 

982 

26 

35.5 

0.817 

Notes 


BA0100  is  the  "Effluent  from  Conpak*  which  is  discharged  into  the  St.  Lawrence  River. 


APPENDIX  6 
Cyanamid  Canada  Inc.,  Niagara  Falls 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

CYANAMID  CANADA  INC.,  NIAGARA  FALLS 

1.0  PLANT  DESCRIPTION 

Cyanamid  Canada  Inc.  in  Niagara  Falls,  Ontario  produces  calcium  carbide  by  reacting 
coke  and  lime  in  a  furnace.  Diamide  lime  is  also  manufactured  on-site,  by  the  drying 
and  separation  of  wet  diamide  lime.  Diamide  lime,  calcium  carbide  and  fluorspar  are 
milled  and  mixed  to  form  desulphurization  reagents.  Calcium  carbide  and  fluorspar  are 
also  reacted  in  an  oven  to  produce  calcium  cyanamide,  which  is  crushed,  screened  and 
stored  for  sale. 

Raw  water  from  the  Niagara  Falls  hydro  power  canal  is  used  at  the  plant  for  non-con- 
tact cooling  of  transformers  and  process  equipment,  and  for  regenerating  an  on-site 
water  softener. 

Details  on  the  plant,  processes  arid  wastewater  generation  are  provided  in  the  site  visit 
report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

Process  related  effluents  are  not  generated  at  the  plant.  Intake  water  pumped  to  on- 
site  raw  water  ponds  which  also  collect  storm  water,  is  used  primarily  for  cooling  equip- 
ment, although  a  small  amount  is  softened  and  chlorinated  for  use  in  a  closed  loop 
cooling  system.  Cooling  water  is  discharged  back  to  the  outlet  of  the  cooling  pond,  to 
the  South  Fork  Drain  or  directly  to  the  Hydro  power  canal.  Storm  water  runoff  from 
the  site  is  also  discharged  with  cooling  water.  Table  1  presents  the  sources  of  dis- 
charges to  each  MISA  Control  Point  included  in  the  MISA  Monitoring  Regulation. 
The  plant  also  monitored  intake  water  prior  to  entrance  to  the  raw  water  ponds  at 
IN0400. 


2.2  Wastewater  Flows  and  Quality 

Tables  Al  to  A4  in  the  Appendix  present  average,  maximum  and  minimum  flow  and 
concentration  data  for  those  contaminants  defined  by  the  Ministry  of  the  Environment 
as  "Priority  1",  for  the  MISA  Control  Points  COOIOO,  CO200,  CO0500  and  CO0600, 
respectively. 
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Flows  monitored  at  Control  Point  COOIOO  in  the  first  few  months  of  the  monitoring 
period  were  split  and  monitored  at  CO0500  and  CO0600  for  the  remainder  of  the 
period.  At  this  time,  monitoring  at  COOIOO  was  discontinued. 


Table  1 

Sources  of  Discharges  Monitored  at  MISA  Control  Points 

at  Cyanamid,  Niagara 

MISA  Control 
Point 

Source 

Flow 
(m^/d) 

CO0200 

•  Cooling  water  from  calcium  cyanide  plant. 

•  Water  softener  regeneration  effluent. 

16330 

CO0500^ 

•  Cooling  water  from  calcium  carbide  plant. 

•  Storm  runoff  from  calcium  cyanamide  process  area. 

•  Cooling  water  from  desulphurization  reagents  process  area. 

15,%1 

CO0600^ 

•  Transformer  cooling  water  from  calcium  cyanamide  process  area. 

•  Storm  water  runoff  from  plant  park  lot 

938 

Note: 

1.    CO0500  and  CO0600  were  monitored  at  COOIOO  during  the  first  few  months  of  the  MISA 
1        Monitoring  Regulation  period. 

Table  A5  present  Priority  1  pollutants  measured  in  raw  water  from  the  Hydro  power 
canal. 


3.0 


RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 


In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  runoff,  were  considered  for  each 
Ontario  Inorganic  Chemical  Sector  plant: 


Option  1 
Option  2 


A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 
trout  and  Daphnia  magna. 

A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 
ities in  the  U.S. 
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Option  3         -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 


BAT  Option  1 

Toxicity  data  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Monitoring  Regulation  period  by  the  Ministry  of  the  Environment  are  presented  in 
Table  A6.  Five  combined  effluent  samples  from  former  Control  Point  COOIOO,  (cur- 
rently MISA  Control  Points  CO0500  and  CO0600)  were  collected  and  tested  on  rain- 
bow trout  and  Daphnia  magna.  Toxic  concentrations  ranged  from  >100  percent  to 
non-lethal,  with  four  non-lethal  results  for  trout  and  three  non-lethal  results  for 
Daphnia  magna. 

The  toxicity  results  indicate  that  the  effluents  at  CO0500  and  CO0600  are  essentially 
non-lethal,  and  thus,  no  change  to  the  existing  system  is  included  in  BAT  Option  1. 
There  is  insufficient  information  to  evaluate  the  cause  of  the  three  toxic  results.  Fur- 
ther testing  to  confirm  toxicity,  and  if  required,  a  toxicity  reduction  study,  would  be 
recommended  to  achieve  non-lethality  on  a  continuing  basis. 

Six  tests  using  samples  from  Control  Point  CO0200  were  also  undertaken  on  the  test 
species  under  the  MISA  monitoring  program.  Four  samples  were  non-lethal  to  rain- 
bow trout,  and  one  sample  was  non-lethal  to  Daphnia  magna,  while  the  remaining 
samples  had  lethal  concentrations  of  >100  percent.  A  review  of  the  analytical  data  in 
Tables  Al  and  A2  shows  that  in  general,  effluents  discharged  at  CO0200  had  lower 
contaminant  levels  that  those  discharged  through  COOIOO.  Thus,  the  data  does  not 
indicate  why  there  were  more  lethal  results  to  Daphnia  magna  from  tests  using  CO0200 
effluents.  Because  lethal  concentrations  were  greater  than  100  percent,  the  effluents 
are  considered  to  be  essentially  non-lethal,  and  no  changes  to  the  system  are  recom- 
mended under  BAT  Option  1.  However,  further  testing  to  confirm  non-lethality,  and  if 
required,  a  toxicity  reduction  study,  are  recommended  to  achieve  non-lethality  on  a 
continuing  basis. 
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BAT  Option  2 

Under  40  CFR  Part  A15  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  Subpart  C 
-  Calcium  Carbide  Production  Subcategory,  BAT  was  defined  as  "no  discharge  of  pro- 
cess wastewater  pollutants  to  navigable  waters".  Non-contact  cooling  water  and  storm 
water  were  not  included  in  the  definition  of  procès^  wastewater.  At  the  Cyanamid 
plant,  process  wastewaters  are  not  discharged,  and  the  existing  process  meets  U.S. 
BAT. 

BAT  was  not  defined  in  the  U.S.  for  the  production  of  desulphurization  reagents,  cal- 
cium cyanamide  or  calcium  cyanide.  Furthermore,  "sister"  plants,  with  similar  produc- 
tion Unes,  were  not  identified  in  the  U.S.  or  elsewhere. 


BAT  Option  3 

Cyanamid,  Niagara  Falls  is  the  only  plant  in  the  Province  producing  calcium  carbide, 
calcium  cyanamide,  desulphurization  reagents  and  calcium  cyanide.  Thus,  BAT  Option 
3  is  defined  as  the  existing  system  at  Cyanamid. 


BAT  Option  4 

Careful  review  of  the  process  and  the  quality  of  discharges  from  the  plant  reveal  that 
most  contaminants  are  not  likely  generated  through  site  operations,  but  are  those  that 
are  present  in  raw  water.  Levels  of  ammonia,  TKN,  nitrate,  DOC,  TSS,  aluminum, 
strontium,  zinc,  sulphide,  oil  and  grease,  chloride  and  sulphate  measured  at  Control 
Points  COOIOO,  CO0200,  CO0500  and  CO0600  fall  within  the  range  of  typical  raw 
water  quality  in  Ontario  and  are  not  significantly  different  than  those  measured  in  the 
intake  water. 

Technologies  for  the  removal  of  low  levels  of  contaminants  present  in  Cyanamid 
effluents  may  be  available  and  have  been  used  in  specific  non-industrial  applications 
(e.g.  drinking  water  treatment).  However,  an  exhaustive,  global  search  carried  out  as 
part  of  this  study  did  not  identify  practical  applications  of  these  technologies  to  treating 
industrial  wastewater  effluents  with  similar  contaminant  concentrations.  Thus,  BAT 
Option  4  does  not  include  technologies  for  removal  of  these  contaminants. 

Cyanide  detected  in  samples  from  all  four  effluent  monitoring  points  at  mean  concen- 
trations ranging  from  0.02  to  0.09  mg/L  is  a  process  related  contaminant.  Pollutant 
prevention  by  controlling  contamination  at  the  source  is  the  most  desirable  approach  to 
reducing  cyanide  levels  in  plant  effluents. 

Within  the  scope  of  this  study,  the  source  of  cyanide  was  not  identified.  Sources  could 
include  storm  water  runoff  as  a  result  of  contact  with  products  or  fugitive  emissions,  or 
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contamination  of  pond  water  as  a  result  of  soil  contamination  and  the  absence  of  im- 
permeable pond  linings.  An  audit  of  the  source  of  cyanide  is  necessary  for  the  identifi- 
cation of  appropriate  control  methods.  These  may  include  process  changes,  best  man- 
agement practices  for  storm  water  control,  and  in  the  case  of  soil  contamination,  lining 
of  intake  water  ponds  or  implementation  an  alternative  intake  water  distribution  system 
which  avoids  the  use  of  ponds  altogether.  The  general  technology  report  outlines 
design  considerations  and  costs  for  pond  linings  (Ref.  2). 

Until  an  audit  of  the  cyanide  source  has  been  undertaken,  a  BAT  Option  4  incorporat- 
ing technologies  that  achieve  maximum  reduction  of  this  contaminant  cannot  be 
defined.  Cyanide  removal  is  theoretically  possible,  in  a  two  stage  alkaline  chlorination 
process.  However,  the  global  search  did  not  identify  any  applications  of  this  technology 
for  treating  wastewaters  containing  the  dilute  levels  experienced  at  Cyanamid.  Further- 
more, negative  impacts  are  associated  with  chlorination  including: 

•  The  potential  for  formation  of  halogenated  organic  compounds  by  the  reaction 
of  chlorine  with  organic  precursors  in  raw  water. 

•  The  toxicity  of  free  chlorine.    Thus,  dechlorination  of  effluents  would  also  be 
required. 

The  applicability  and  effectiveness  of  chlorination,  followed  by  dechlorination  for  cyan- 
ide removal  could  be  considered  if  feasible  pollution  prevention  solutions  are  not  iden- 
tified. 

Phenolics  were  detected  a  low  levels  (<2  jig/L)  in  samples  taken  at  Control  Points 
CO0500  and  CO0600.  Knowledge  of  the  process  suggests  that  phenol  contamination  is 
not  contributed  from  cooling  water  operations,  and  therefore,  is  likely  contributed  in 
storm  water  runoff  discharging  through  these  Control  Points.  General  usage  materials 
at  the  plant,  including  diesel  oil  or  gasoline,  may  be  the  source  of  storm  water  contam- 
ination. In-plant  management  practices  for  storm  water  control  are  recommended  for 
reducing  or  eliminating  phenols  in  effluents. 


BAT  Option  5 

Technologies  that  would  advance  the  plant  further  toward  zero-discharge  were  not 
identified  in  the  global  search.  Cooling  water  provided  by  once  through  or  recirculating 
cooling  tower  systems  are  invariably  used  to  cool  power  generating  equipment  such  as 
transformers,  as  well  as  process  equipment  in  all  manufacturing  sectors.  Other  cooling 
methods,  such  closed-loops  air  cooled  systems,  would  require  very  large  capital  expen- 
ditures and  land  area  for  expansive  heat  exchange  equipment  requirements,  and  would 
not  be  effective  in  warmer  months  in  Ontario.  Furthermore,  opportunities  for  con- 
sumption of  cooling  tower  blowdown  or  condensate  do  not  exist  in  the  production  of 
any  of  the  "dry"  products  produced  at  Cyanamid,  Niagara  Falls.  Therefore,  BAT 
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Option  5  is  the  same  as  BAT  Option  4,  since  technologies  that  further  the  plant  toward 
zero  discharge  of  effluents  were  not  identified. 


Summary 

Table  2  presents  a  summary  of  BAT  Options  recommended  for  the  plant. 


Table  2 
Summary  of  BAT  Options  for  Cyanamid,  Niagara  Falls 

BAT  OpUoD 

OcOnJtioD 

Description 

1 

Least  cost  producing  non-lethal  effluents 

No  change  to  existing  system. 

2 

U.S.  BAT 

No  U.S.  BAT  defined. 

3 

Best  demonstrated  in  Ontario 

No  change  to  easting  system. 

4 

Maximum  pollutant  reduction 

Not  defined'. 

5 

Funhest  toward  zero  discharge  of  polluunts 

Same  as  BAT  Option  4 

Note: 

1.     A  BAT  Option  4  cannot  be  defined  until  the  source  of  cyanide  is  idennncd  through  an  audit. 

5.0 
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Table  AI ,  Cyanamid  Canada  Inc.  (Niagara  Plant) 
Summary  of  Flow  and  Priority  One  Pollutants 
MISA  Control  Point:  CCX)100 
[description:  Whitty  Creek 

Contaminant 

Units 

Concentration  over  12  Month 
Sampfng  Period 

LoacSng 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

3050 

131000  L      18100 

Cyanide  Total 

mg/L 

0.002 

;?-^ 

0.095 

1.775 

Hydrogen  Ion  (pH) 

7.85 

-xe^-^ft^-        8.48 

Ammonia  Plus  Ammonium 

mg/L 

o.^^e^ni^ 

0.62 

10.23 

Total  Kjeldahi  Nitrogen 

mg/L 

.J^ 

«^V^*=^'  12 

0.99 

16.283 

Nitrate  and  Nitrite 

mg/L 

^"V 

■       1.2 

0.7 

13.678 

DOC 

mg/L 

fa 

15 

4.1 

77.992 

Total  Suspended  Solids 

mg/L 

4.2 

190 

15 

266.182 

Aluminum 

ug/L 

190 

440 

278 

4.619 

Strontium 

ug/L 

150 

190 

172 

2.901 

Zinc 

ug/L 

11 

42 

21 

0.345 

Oil  and  Grease 

mg/L 

0.96 

2.8 

1.28 

25.365 

Table  A2.  Cyanamid  Canada  Inc.  (Niagara  Plant) 

Summary  of  Flow  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0200 
Description:  Hydro  Creek 

Contaminant 

Units 

Concentration  over  12  Month 
Samping  Period 

Loading 
(ko^d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

15000 

30000 

22800 

COD 

mg/L 

10 

17 

13.5 

233.399 

Cyanide  Total 

mg/L 

0.001 

0.86 

0.017 

0.3 

Total  Kjeldahl  Nitrogen 

mg/L 

0.16 

1.4 

^-^ 

0.67 

11.718 

Nitrate  and  Nitrite 

mg/L 

0.16 

l.d;^- 

0.59 

10.093 

DOC 

mg/L 

0.32 

^'P^^^^^^' 

3.28 

58.444 

Specific  Conductance 

uS/cm 

25W 

^^\3^ 

277 

Total  Suspended  Solids 

mg/L 

^.riO-2J 

Kn^^^73.6 

13.04 

251.824 

Aluminum 

ug/L 

^  V^ 

560 

232 

4.006 

Strontium 

ug/L 

130 

160 

146 

2.555 

Zinc 

ug/L 

3 

70 

17 

0.316 

Sulpfiide 

ug/L 

30 

50 

40 

0.691 

Oil  and  Grease 

mg/L 

0.5 

2.4 

1.1 

19.984 

Chloride,  Unfiltered  Reactive 

mg/L 

15 

22 

18.5 

319.517 

Sulphate,  Unfiltered  Reactive 

mg/L 

21 

29 

25 

431 .809 

Table  A3.  Cyanamid  Canada  Ina  (Niagara  Rant) 
Summaiy  of  Fkaw  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0500 
Description:  Coofng  Pond 

Contaminant 

Units 

Concentration  over  12  Montt) 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Row 

m3/d 

2690 

22700 

16000 

Cyanide  Total 

mg/L 

0.005 

0.153 

.^0.029 

0.0483 

Hydrogen  Ion  (pH) 

8.08 

8.19 i"^"-'  8.44 

Ammonia  Plus  Ammonium 

mg/L 

0.04 

,-.A^^-^% 

r^\e•  0.49 

8.937 

Total  Kjeldahl  Nitrogen 

mg/L 

o.<i'^;-c».2q        1-1 

19.789 

Nitrate  and  Nitrrte 

mg/L 

W^a^s^^'1.3 

0.664 

11.125 

DOC 

mg/L 

0.^1 

5 

2.34 

39.939 

Specific  Conductance 

uS/cm 

262 

447 

302 

Total  Suspended  Solids 

mg/L 

3.2 

2200 

35.54 

663.733 

Aluminum 

ug/L 

110 

370 

201 

3.721 

Strontium 

ug/L 

140 

160 

147 

2.665 

Phenolics  (4AAP) 

ug/L 

1 

5 

2 

0.038 

Table  A4.  Cyanamid  Canada  ina  (Niagara  Rant) 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0600 
Description:  South  F=brtc 

Contaminant 

Ufïts 

Concentration  over  12  Month 
Samping  Period 

loading 
(ko^d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

674 

1210 

790 

Cyanide  Total 

mg/L 

0.008 

0.331 

0.097 

0.092 

Hydrogen  Ion  (pH) 

8.29 

8.91 

^1^ 

Ammonia  Plus  Ammonium 

mg/L 

0.1 

0.82 

,iM 

0.329 

Total  Kjeldahl  Nitrogen 

mg/L 

0.72 

i^'-^^^ 

1.095 

Nitrate  and  Nitrite 

mg/L 

0.025 

.^'MA<'^^7AA 

3.58 

DOC 

mg/L 

0^< 

>  .o"*^ 

2.95 

2.736 

TOC 

mg/L 

1.2 

ç}à^  7.7 

3.9 

3.825 

Specific  Conductance 

uS/cm 

380 

589 

440 

Total  Suspended  Solids 

mg/L 

3.2 

220 

23 

22.704 

Aluminum 

ug/L 

58 

440 

166 

0.152 

Strontium 

ug/L 

150 

180 

169 

0.139 

Zinc 

ug/L 

2 

180 

52 

0.048 

Phenolics  (4AAP) 

ug/L 

1 

3 

2 

0.002 

Oil  and  Grease 

mg/L 

0.5 

5.3 

1.34 

1.251 

TaWe  A5,  Cyanamid  Canada  Inc.  (Niagara  Plant) 
Summary  of  Flow  and  Priority  One  Pollutants 
MISA  Control  Point:  IN0400 
Description:  Intal» 

Cortamînant 

Urits 

Concentration  over  12  Montti 
Sampf  ng  Period 

Minimum 

Maxinum 

Mean 

COD 

mg/L 

17 

24 

20.5 

Total  Kjeldahl  Nitrogen 

mg/L 

0.16 

1.1 

0.45 

Nitrate  and  Nitrite 

mg/L 

0.23 

1.3 

0.48 

DOC 

mg/L 

0.32 

A^ 

3.09 

Specific  Conductance 

uS/cm 

270,.. 

A'^^^m^'        289  1 

Total  Suspended  Solids 

mg/L 

tH  ^^^ 

^^^\^ 

40 

Aluminum 

ug/L 

V^lçgft 

W^340 

151 

Strontium 

ug/L 

^^0 

160 

144 

Zinc 

ug/L 

2 

60 

17.6 

Sulphide 

ug/L 

20 

40 

30 

Oil  and  Grease 

mg/L 

0.5 

25 

1.7 

Chloride,  Unfiltered  Reactive 

mg/L 

15 

15 

15 

Sulphate,  Unfiltered  Reactive 

mg/L 

20 

27 

23.5 

Table  A6 

Toxicity  Data  for  Cyanamid  Canada  Inc.,  Niagara  Falls  for  the  First  Six  Months 

of  MISA  Monitoring  Regulation 

Control 
Point 

Test  Specks 

Nomberof 
Samples 

Ranee  of  Lelhal  CooccDlni- 
tlonDaU 

NaniberorN«>.leaua       | 
Samples                   H 

COOIOO 

Rainbow  trout 
Daphnia  magna 

5 

5 

>100%  10  Doo-lethal 
>100%  to  noo-lethal 

4 
3 

CO0200 

Rainbow  trout 
Daphoia  tnagna 

6 
6 

>  100%  to  Don-leihal 
>100%  to  non-lethal 
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APPENDK7 
Cyanamid  Canada  Inc.,  Welland 


INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

CYANAMID  CANADA  INC.  (WELLAND) 


1.0  PLANT  DESCRIPTION 

Cyanamid  Canada  Inc.,  Welland  produces  a  number  of  products  including: 

Dicyandiamide  (DICY) 

50  percent  cyanamide  solutions 

Phosphine 

Phosphine  derivatives 

Electronic  grade  chemicals 

By-products  including  high  purity  phosphoric  acid,  diamide  lime  slurry  and  a  DICY 
Mother  Liquor  Slurry  are  also  produced  and  sold.  A  portion  (30  percent)  of  diamide 
lime  slurry  is  precipitate  in  an  onsite  sludge  pond. 

Approximately  22,500  mVd  of  intake  water  from  the  Welland  River  is  used  as  cooling 
water  and  process  water.  City  water,  softened  using  zeolite,  is  used  for  boiler  water 
make-up. 

Details  on  the  plant,  the  water  treatment  facility  and  wastewater  generation  are  presen- 
ted in  the  site  visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Sources 

The  sources  of  wastewater  from  the  process  areas  are  summarized  in  Table  1. 

Wastewater,  including  condenser  condensate  and  effluent  from  an  onsite  sludge  pond, 
is  discharged  directly  via  MISA  Control  Point  CO0400  to  Miller's  Creek,  which  runs 
through  the  Cyanamid  property. 

All  storm  water  from  the  northern  portion  of  the  facility  flows  to  Miller's  Creek,  inclu- 
ding flows  from  the  dicyandiamide  and  phosphine  production  areas  and  from  87  hec- 
tares of  decommissioned  sludge  ponds.  These  flows  combine  with  process  wastewater 
prior  to  discharge  at  Control  Point  CO0200. 
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Table  1 
Wastewaters  Produced  in  Process  Areas 

Type 

Ft0»  (m^/d) 

Steam  Plant 

Softener  Effluent 

Regeneration  effluent 

variable 

Miller's  Creek  (CO0200) 

Boiler  blowdown 

Boiler  blowdown 

28.8 

îklillcr-s  Creek  (CO0200) 

DtcyandUiniktf/  AC-50  Process  Anas 

Barometric  condensers 

Condensate 

5.760  to  8,064 

Miller's  Creek  (CO0200) 

Condenser  and  process  equipment  cool- 
ing 

Once  through  oon-conLact 
cooling  water 

2.764 

Miller's  Creek  (OT1300) 

Diamide  lime  slurry  (filter  press  back- 
wash) 

Process  effluent 

979 

Sludge  pond 

Sludge  pond  effluent 

Pond  effluent 

7,945 

MiUer's  Creek  (CO0400) 

Pbosphioe  Plant  and  Pbosphiac  Dcrirativa 

Scrubber  liquor 

Process  effluent 
called  "phossy"  water. 

52 

Sludge  pond 

Line  and  vessel  wasb  water 

Process  water 

9  m^/batch 

Sludge  pond 

Condenser  and  process  equipment  cool- 
ing 

Once  through  non-contact 
cooling  water 

3,600 

Miller's  Creek  (CO0200) 

Condenser  condensate,  evactor  conden- 
sate and  wastewater  from  seal  pots,  melt 
tank,  gas  holders  and  blowers. 

Process  water 

360 

Sludge  pond  or  recycled. 

Laboratory 

Wastewater  from  glassware  washes 

Process  water 

insignificant 

Wetland  RWer 

Sanitai7  TreaHncjit  Facilities 

Phosphine  process  building  AcroOow 
Aerobic  Systcm^^ 

Sanitaiy  treatment  plant 
effluent 

33 

Miller's  Creek  (COO200) 

Phosphine  maintenance  building  Acro- 
Qow  Aerobic  System^^ 

Sanitary  treatment  plant 
effluent 

1.9 

Miller's  Creek  (CO0200) 

Storm  water  from  the  southern  portion  of  the  plant,  which  is  no  longer  in  use,  and 
wash  water  produced  in  the  laboratory  from  the  washing  of  glassware  are  discharged 
directly  to  the  Welland  River. 

There  is  no  end-of-pipe  treatment  at  Cyanamid.  However,  the  bed  of  Miller's  Creek 
has  been  altered  to  allow  equalization  of  wastewater  to  prevent  sudden  fluctuations  in 
pH  and  specific  conductance  values. 
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A  description  of  the  MISA  Control  Points  is  presented  in  Table  2.  Effluents  monitored 
at  Control  Points  ST0500  to  ST1200  discharge  to  the  Welland  River,  while  those  moni- 
tored at  Control  Points  CO0200,  CO0400  and  OT1300  discharge  to  Miller's  Creek. 


Table  2 

MISA  Control  Points  at  Cyanamid  Canada  (Welland) 

MISA  Control  Number 

Location/Soarce 

Flow  (m^/d)^ 

CO0200 

Miller's  Creek  (final  effluent) 

28,700 

CO0400 

Sludge  Pond  #11  effluent 

7,945 

ST0500 

River  pump  house  runoff 

2,124 

ST0600 

1st  Ave.  Sewer  (surface  ditch) 

1,052 

ST0700 

1st  Ave.  Sewer  (inground) 

423 

ST0800 

3rd  Ave.  Sewer 

125 

ST0900 

4th  Ave.  Sewer 

115 

STIOOO 

5th  Ave.  Sewer  (west  of  gate) 

370 

STllOO 

5ih  Ave.  Sewer  (east  of  gate) 

389 

ST1200 

Lab  sewer 

157 

OT1300 

Dicyandiamide  unit  once  through  cooling  water 

2,767 

Notes: 

1.          Average  flow  from  12  months  of  MISA  Monitoring  Regulation  data. 

22 


Wastewater  Flows  and  Quality 


Appendix  Tables  Al,  A2  and  A3  present  the  average,  maximum,  and  minimimi  flow 
and  concentration  data  as  well  as  average  daily  loadings  for  those  contaminants  defined 
by  the  Ministry  of  the  Environment  as  "Priority  1"  for  the  MISA  Control  Points  CO02- 
00,  CO0400  and  OT01300,  at  Cyanamid  Canada  Inc.  (WeUand  Plant). 
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3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater  with  the  exception  of  storm  water  runoff^  were  considered  for 
each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  1         -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3         -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4         -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  is  addressed  in  the  following  discussion. 


3.1       BAT  Option  1 

Toxicity  data  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Monitoring  Regulation  period  by  the  Ministry  of  the  Envirormaent  are  presented  in 
Appendix  Table  A4,  for  Control  Points  CO0200  and  OT1300.  Control  Point  CO0400 
was  not  tested  for  toxicity  and  will  not  be  directly  addressed  under  this  Option. 


Once  Through  Cooling  Water  (OT1300) 

At  Control  Point  OT1300,  two  samples  were  tested  using  rainbow  trout.  The  lethal 
concentrations  of  both  of  these  samples  were  greater  than  100  percent.  The  one 
OT1300  sample  tested  with  Daphnia  magna  was  non-lethal. 


Stonn  water  ninoff  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  condua 
a  Storm  Water  Control  Study  at  each  site. 
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From  these  results,  it  may  be  concluded  that  the  OT1300  effluent  is  essentially  non- 
lethal.  BAT  Option  1  does  not  include  recommendations  for  the  reduction  of  toxicity 
at  OT1300. 


Final  Effluent  (CO0200) 

When  rainbow  trout  was  used  as  the  test  species,  the  lethal  concentrations  of  the 
CO0200  samples  ranged  from  80.7  percent  to  non-lethal,  with  three  non-lethal  samples. 
The  lethal  concentration  of  CO0200  samples  tested  with  Daphnia  magna  ranged  from 
20.8  percent  to  40.6  percent. 


Several  possible  sources  of  toxicity  at  Control  Point  CO0200  are  evident  in  Table  Al. 
However,  the  most  obvious  potential  sources  include  pH,  ammonia  and  aluminum. 

Aluminum  was  measured  in  final  effluents  at  a  mean  concentration  of  789  \igfL. 
Aluminum  toxicity  to  rainbow  trout  and  Daphnia  magna  using  48  h  and  96  h  testing  as 
prescribed  under  the  MISA  program  was  not  identified  in  the  literature.  However, 
these  test  were  also  carried  out  in  effluent  samples  from  another  Inorganic  Chemical 
Sector  plant,  Norton  Advanced  Ceramics  of  Canada  Ltd.  (Ref.  13),  with  similar  average 
aluminum  levels.  Samples  of  streams  with  mean  aluminum  concentrations  of  748  iig/L 
and  1,140  ^g/L  at  this  plant  yielded  essentially  non-lethal  results.  These  results  indicate 
that  aluminum  at  levels  in  Cyanamid's  final  effluent  stream  is  not  a  likely  cause  of  the 
lethal  results  reported. 

Excursions  in  pH  outside  of  the  range  of  6.5  to  8.5  may  have  lethal  effects  in  them- 
selves. In  addition,  high  pH  may  contribute  to  the  toxicity  of  ammonia  by  increasing 
the  un-ionized  fraction  present,  as  demonstrated  in  the  worst-case  scenarios  presented 
in  Table  3,  where  un-ionized  ammonia  levels  at  CO0200  and  CO0400  are  recorded. 
Total  ammonia  concentrations  are  significantly  higher  than  the  48  hour  LC50  concen- 
tration 0.66  mg/L  reported  for  Daphnia  magna  at  22  °C  and  30  °C^  (Ref.  10).  Levels 
of  un-ionized  ammonia  are  also  substantially  higher  than  lethal  concentrations  of  0.63 
mg/L  (Ref.  11)  and  Ontario  surface  water  quality  objectives  of  0.02  mg/L  (Ref.  12). 

Reduction  of  ammonia  levels  and  control  of  pH  must  be  considered  for  both  Control 
Points  CO0200  and  CO0400  to  produce  non-lethal  effluents  on  an  on-going  basis. 

The  level  of  ammonia  nitrogen  at  CO0200  is  likely  the  result  of  loading  from  two 
sources;  the  sludge  pond  effluent,  and  the  barometric  condenser  condensate.  The  plant 
also  reports  that  a  significant  portion  of  ammonia  and  nitrate  loadings  are  contributed 
to  the  final  effluent  from  groundwater  contaminant.   Information  on  this  source  of 


No  pH  values  were  reponed. 
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loadings  was  unavailable  at  the  time  of  report  writing,  and  was  therefore,  not  in- 
corporated into  assumptions  made  for  development  of  BAT  Option  recommendations. 


Table  3 
Levels  of  Un-ionized  Ammonia  at  Control  Points  CO0200  and  CO0400 

CoBlrol  Poinl 

Mean  TeUJ  AnunooU 
CoDceDlralion  (mg/L) 

Fraction  of  Un-lonizrd 
AmiDOfiÎA 

Co-toiiixed  AnuDoolo 
CooccntraUoo  (rngfL) 

CO0200 
CO0400 

7.9 
15.9 

0.22192 
0.41739 

1.8 

6.6 

Notes; 

1.               Based  on  maximum  pH  at  each  Control  Point,  a  temperature  of  2S°C  and  infonsalion  provided  by  the  MOE 
Hamilton  Regional  Office. 

Under  the  current  discharge  scheme,  sludge  pond  effluent  (MISA  Control  Point 
CO0400)  combines  with  barometric  condenser  condensate  and  a  number  of  other 
effluents,  as  documented  in  Table  1,  prior  to  final  effluent  discharge  at  MISA  Control 
Point  CO0200.  Because  the  final  effluent  stream  does  not  require  treatment  for  nitro- 
gen removal,  BAT  Option  1  also  includes  a  recommendation  to  divert  the  barometric 
condenser  condensate  to  the  sludge  pond,  instead  of  treating  the  entire  effluent  stream 
at  CO0200.  This  diversion  captures  two  major  sources  of  ammonia  (sludge  pond  ef- 
fluent and  barometric  condenser  condensate)  in  one  stream  and  results  in  more  effec- 
tive ammonia  control.  This  diversion  will  approximately  double  the  flow  rate  to  the 
pond,  but  will  not  adversely  affect  settling  performance  since  the  surface  hydraulic  load- 
ing rates  will  remain  low. 

Throughout  the  remainder  of  this  report,  this  combined  stream  resulting  from  diversion 
of  the  condensate  to  the  sludge  pond  will  be  referred  to  as  the  condensate/sludge  pond 
effluent.  Based  on  company  estimates  of  condensate  flow  rate  and  flow  rates  at  COO- 
400,  the  total  flow  rate  of  the  condensate/sludge  pond  effluent  will  be  approximately 
14,900  m^/d.  If  all  loadings  of  ammonia  nitrogen  at  CO0200  stem  from  these  two 
sources,  the  average  concentration  of  ammonia  in  the  condensate/sludge  pond  effluent 
will  be  14.2  mg/L.  This  level  is  comparable  to  that  already  in  the  sludge  pond  (CO0400 
mean  ammonia  concentration  is  15.9  mg/L)  and  will  not  result  in  substantial  atmos- 
pheric losses.  Small  losses  of  ammonia  to  the  atmosphere  are  readily  assimilated  by 
the  environment  since  ammonia  is  a  natural  constituent  of  the  nitrogen  cycle. 

Ammonia  is  present  in  the  condensate/sludge  pond  effluent  at  levels  which  are  treata- 
ble by  conventional  industrial  wastewater  treatment  technologies  such  as  air  stripping, 
ion  exchange,  breakpoint  chlorination  or  nitrification. 
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Biological  nitrogen  removal  through  nitrification-denitrification  has  several  advantages 
over  other  technologies  in  the  treatment  of  the  condensate/sludge  pond  effluent,  includ- 
ing: 

•  Removal  of  both  ammonia  and  nitrate  nitrogen  with  minimal  formation 
of  undesirable  by-products. 

•  Relatively  small  amount  of  inter-media  contaminant  transfer. 

•  Possible  incidental  removal  of  total  cyanide,  depending  on  the  form  of 
cyanide. 

Thus,  BAT  Option  1  includes  the  use  of  nitrification-denitrification  for  the  control  of 
ammonia  and  nitrate  nitrogen  levels  in  the  condensate/sludge  pond  effluent.  This  tech- 
nology is  described  in  greater  detail  in  a  General  Technology  Report  (Ref.  2). 

The  fluctuations  in  pH  at  CO0200  should  be  controlled  by  an  automated  pH  ad- 
justment system  situated  in  a  mix  tank  which  will  allow  for  adequate  mixing.  It  should 
be  noted  that  following  nitrification-denitrification,  the  condensate/sludge  pond  effluent 
will  be  in  a  neutral  pH  range,  as  required  by  the  treatment  process.  However,  final 
effluent  at  CO0200  may  require  further  pH  adjustment  and  this  control  measure  is 
recommended  as  part  of  BAT  Option  1. 

Some  uncertain  sources  of  toxicity  remain.  Process-related  contaminants  such  as  cyana- 
mide  contribute  to  relatively  high  TKN  levels.  However,  no  data  on  aqueous  toxicity  of 
these  compounds  were  available  at  the  time  of  report  preparation.  Thus,  these  com- 
pounds cannot  be  discounted  as  possible  sources  of  toxicity  and  examination  of  the 
aquatic  toxicities  for  cyanamide,  dicyandiamide  and  related  process  contaminants 
should  be  included  in  a  Toxicity  Reduction  Study. 

Therefore,  BAT  Option  1  entails: 

•  Diversion  of  barometric  condenser  condensate  to  the  sludge  pond. 

•  Nitrification/denitrification  of  the  condensate/sludge  pond  effluent. 
Final  effluent  pH  control  at  CO0200. 

•  A  Toxicity  Reduction  Study  for  cyanamide  derivatives. 

These  options  will  be  discussed  in  more  detail  in  Section  4.0. 


3.2  BAT  Option  2 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  BAT  for  cyanamide 
or  phosphine  producing  facilities  was  not  defined.  Furthermore,  "sister"  plants  with 
similar  production  lines  were  not  identified  in  the  U.S.  or  elsewhere  in  an  exhaustive 
global  search.  Therefore,  BAT  Option  2  was  not  defined  for  Cyanamid  (Welland). 
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33  BAT  Option  3 

Cyanamid  (Welland)  is  the  only  plant  in  the  Province  producing  dicyandiamide,  cyana- 
mide  solutions,  phosphine  and  phosphine  derivatives.  Thus,  BAT  Option  3  is  defined 
as  the  existing  system  at  Cyanamid. 


3.4  BAT  Option  4 

BAT  Option  4  is  intended  to  provide  maximum  overall  water  pollution  control. 

3.4.1  Once  Through  Cooling  Water  (OT1300) 

Once  through  non-contact  cooHng  water  uses  are  not  a  likely  source  of  the  "Priority  1" 
parameters  noted  in  Table  A3  for  0T13(X).  The  majority  of  the  "Priority  1" 
contaminants  in  this  stream  including  total  suspended  solids  are  not  associated  with  the 
raw  materials  or  the  products  at  the  plant  and  are  most  likely  originating  in  the  intake 
water. 

The  level  of  total  suspended  solids  in  OT1300  (34  mg/L)  suggests  that  treatment  could 
be  considered  to  reduce  the  levels  to  5.0  mg/L,  using  a  coagulation,  settling  and  filtra- 
tion pond  system  similar  to  that  in  use  at  Cabot  Canada  Limited  (Ref.  3).  However, 
implementation  of  a  coagulation/settling/filtration  system  will  produce  related  problems 
which  must  be  addressed,  including: 

•  The  impacts  of  wastewater  treatment  chemicals  on  effluents,  in  terms  of 
contaminant  concentrations  and  toxicity. 

•  The  handling  and  disposal  of  wastewater  treatment  residuals. 

•  The  dependence  of  removal  performance  on  system  reliability  and  oper- 
ator training. 

Because  of  these  problems,  the  relatively  low  levels  of  TSS  in  the  effluent,  and  the  fact 
that  TSS  probably  originates  in  the  intake  water,  technologies  to  reduce  TSS  are  not 
recommended  in  BAT  Option  4  for  treatment  of  oiKe  through  cooling  water. 

3.4.2  Sludge  Pond  and  Final  Eflluent  (CO0400  and  CO0200) 

Since  CO0400  is  upstream  of  CO0200,  many  of  the  "Priority  1"  pollutants  identified  are 
common  to  both  Control  Points. 
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The  levels  of  strontium,  zinc,  arsenic  antimony,  chloride,  fluoride,  and  sulphate  measu- 
red at  Control  Points  CO0200  and  CO0400  fall  within  the  range  of  typical  raw  water 
quality  in  Ontario,  and  are  not  likely  a  result  of  plant  operations.  Technologies  for  the 
removal  of  these  low  levels  of  contaminants  may  be  available  and  have  been  used  in 
specific  applications  (e.g.  drinking  water  treatment).  However,  an  exhaustive,  global 
search  carried  out  as  part  of  this  study  did  not  identify  practical  applications  of  these 
technologies  to  treating  industrial  wastewater  effluents  with  similar  contaminant  con- 
centrations. Reduction  of  loadings  of  these  contaminant  will  not  be  considered  under 
BAT  Option  4.  . 


Oil  and  Grease  and  Phenolics 

OU  and  grease  levels  at  CO0200  (2.58  mg/L)  and  at  CO0400  (1.5  mg/L),  while  com- 
parable, suggest  that  there  are  sources  downstream  of  CO0400  possibly  including  storm 
water,  condenser  condensate  and  once  through  cooling  water.  Management  practices 
could  be  exercised  at  the  plant  site  to  reduce  contamination  of  both  process  and  storm 
water. 

The  phenolics  levels  at  both  Control  Points  could  likely  be  reduced  by  similar  manage- 
ment practices  since  phenolics  are  probably  associated  with  oil  and  grease  in  the 
effluents.  These  pollution  prevention  activities  are  discussed  in  more  detail  in  Section 
4.0. 


Aluminum  and  TSS 

Both  total  suspended  solids  (TSS),  and  aluminum  are  at  treatable  levels  at  Control 
Points  CO0200  and  CO0400.  Both  of  these  contaminants  could  originate  from  the 
process,  specifically  fi-om  the  diamide  lime  slurry  which  is  comprised  of  calcium  carbon- 
ate, graphite,  alumina  and  calcium  cyanamide.  The  fact  that  the  loading  at  Control 
Point  CO0200  is  more  than  twice  the  loading  at  CO0400  however,  suggests  that  there 
are  other  significant  sources  of  suspended  solids  and  aluminum  that  should  be  inves- 
tigated. 

However,  suspended  solids,  aluminum  or  aluminum  compounds  are  not  likely  present 
at  significant  levels  in  the  barometric  condenser  condensate,  because  these  would  not 
be  volatilized  in  the  process.  Therefore,  other  possible  sources  of  TSS  and  aluminxmi 
need  to  be  considered,  including: 

Raw  water 

Boiler  water  treatment  residuals  and  blowdown 

Phosphine  plant  once  through  cooling  water 

Sanitary  treatment  plant  effluents 

Stormwater. 


TOR/INORG3/991.51 


AJuminum  and  TSS  levels  in  raw  water  measured  at  the  intake  to  Cyanamid  were  re- 
ported at  mean  levels  of  1,970  jig/L  and  55  mg/L  respectively  for  the  Welland  River. 
These  levels  are  higher  than  those  reported  in  effluents  measured  at  CO0200,  in- 
dicating no  net  contribution  from  the  plant  discharges. 

Because  BAT  Option  4  addresses  the  maximum  reduction  of  pollutants  discharged, 
independent  of  their  source,  methods  for  reducing  levels  of  TSS  and  aluminum  were 
considered. 

Generally,  coagulation,  settling  and  filtration  can  be  used  to  reduce  TSS  to  5  mg/L 
(Ref.  3)  and  also  reduce  insoluble  aluminum  precipitates.  In  the  sludge  pond,  chemical 
precipitation  of  the  phosphorus  and  settling  is  already  taking  place.  Filtration  should 
be  considered  to  further  reduce  TSS  and  aluminum  levels  from  this  source.  This  filtra- 
tion system  option  will  be  discussed  in  more  detail  in  Section  4.0. 


Phosphorus 

Phosphorus  is  present  at  both  Control  Points  and  half  of  the  loading  originates  from 
the  sludge  pond  effluent.  Filtration  of  the  condensate/sludge  pond  effluent  should 
reduce  loadings  of  phosphorus  in  insoluble  forms  to  Control  Point  CO0200. 


Other  Contaminants 

Many  process  related  contaminants,  including  cyanide,  ammonia-nitrogen,  total  kjeldahl 
nitrogen  (TKN),  and  nitrate  nitrogen  were  detected  at  both  Control  Points.  Analysis  of 
the  data  presented  in  Appendix  Tables  Al  and  A2  reveals  that  more  than  half  of  the 
loading  of  each  of  these  contaminants  originates  from  sources  other  than  the  sludge 
pond  effluent.  One  source  of  these  contaminants  is  the  barometric  condenser  conden- 
sate since  this  is  the  only  process-related  effluent  discharged  downstream  of  the  sludge 
pond  effluent.  Thus,  it  has  been  assumed  that  the  majority  of  these  process  related 
contaminants  at  CO0200  are  contributed  by  either  the  sludge  pond  effluent  (CO0400) 
or  the  barometric  condenser  condensate.  The  plant  reports  that  contaminated  groimd 
water  is  also  a  source  of  contaminants  discharged  in  final  effluents.  Information  quan- 
tifying this  contamination  was  unavailable  at  the  time  of  report  preparation. 

End-of-pipe  treatment  is  generally  most  effective,  both  in  performance  and  cost,  on 
more  concentrated  streams.  In  the  case  of  Cyanamid  (Welland),  more  effective  treat- 
ment could  be  realized  if  the  barometric  condenser  condensate  was  re-directed  to  the 
sludge  ponds.  This  will  approximately  double  the  flow  rate  to  the  pond,  based  on  re- 
ported flows  rates  from  the  MISA  monitoring  period,  but  will  not  adversely  affect  set- 
tling performance  since  the  surface  hydraulic  loading  rate  remains  low.  This  conden- 
sate/sludge pond  effluent  will  then  be  subjected  to  further  treatment  as  documented 
below. 
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In  order  to  identify  treatment  and/or  control  options  for  the  condensate/sludge  pond 
effluent  stream,  the  concentrations  of  cyanide,  TKN,  ammonia  and  nitrate  were  esti- 
mated. The  loadings  at  the  final  effluent  (CO0200)  were  assumed  to  be  from  either 
sludge  pond  effluent  or  condenser  condensate.  These  loadings,  divided  by  the  total 
flow  rate  of  the  condensate/sludge  pond  effluent  (approximately  14,900  m-^/d  as 
recorded  under  BAT  Option  1)  are  summarized  in  Table  4. 


1 1 

Table  4 

Estimated  Concentrations  of  Some  Major  Contaminants  in  the  Proposed 

Condensate/Sludge  Pond  Effluent  at  Cyanamid  (Welland) 

Coo  tamlfuui  t 

Total  LowUng^  (^d) 

EsUmated  CoDcentratien^  (mg/L) 

Total  Cyanide 

Total  Kjeldahl  Nitrogen 

Ammonia  plus  Ammonium  Nitrogen 

Nitrate  plus  Nitrite  Nitrogen 

Z336 
747.6 
211.8 
249.0 

0.157 
50.2 
14.2 
16.7 

Notes; 

1.  Loadings  of  the  noted  conuminanls  in  the  final  effluent  (CO0200)  are  assumed  to  stem  from  either  the  baro- 
metric condenser  condensate  or  the  sludge  pond  effluent 

2.  Estimated  flow  rate  of  condensate/sludge  pond  effluent  stream  Is  14,900  ar/d. 

Levels  of  TKN  in  the  effluent  most  likely  reflect  the  presence  of  dicyandiamide,  cyan- 
amide  and  related  compounds.  It  is  unknown  whether  these  compounds  will  decay  to 
produce  ammonia  under  natural  conditions.  Indeed,  an  exhaustive  global  search  did 
not  reveal  technology  for  the  hydrolysis  of  similar  dicyandiamide  related  waste  streams. 
Thus,  treatment  technologies  for  the  reduction  of  TKN  will  not  be  considered  under 
BAT  Option  4. 

Levels  of  ammonia  and  nitrate-nitrogen  can  be  controlled  through  the  use  of  nitrifica- 
tion-denitrification  as  described  under  BAT  Option  1. 

Methods  for  cyanide  reduction  include  natural  degradation,  oxidation,  evaporation,  ion 
exchange,  reverse  osmosis,  copper-catalyst  activated-carbon  absorption  and  thermal 
hydrolysis  (Ref.  4  and  5).  Examination  of  these  methods  suggests  that  oxidation  is  the 
most  practical  method  of  reducing  cyanide  loadings  at  the  levels  found  in  Cyanamid's 
effluents.  Because  the  cyanide  most  likely  originates  from  the  sludge  pond  effluent  and 
the  barometric  compressor  condensate,  it  is  recommended  that  BAT  Option  4  include 
oxidation  of  cyanide  in  the  condensate/sludge  pond  effluent. 

Removal  of  cyanide  by  chemical  oxidation  is  practised  in  a  number  of  industrial  sectors 
including: 

•  Inorganic  chemical  manufacturing. 

•  Metal  finishing. 

11 

TORyiNORG3/991.51 


•     Textile  mills. 

Several  methods  of  oxidi2dng  cyanide  to  nitrogen  gas  and  bicarbonate  are  available 
including  alkaline  chlorination,  ozonation  with  copper  catalyst,  ozonation  with  ultravi- 
olet light,  hydrogen  peroxide  and  formaldehyde  addition  at  an  elevated  temperature, 
and  addition  of  potassium  permanganate.  Of  these  treatments,  alkaline  chlorination  is 
the  most  widely  used  method  of  cyanide  removal  (Ref.  4  and  5)  and  is  recommended 
under  BAT  Option  4.  Dechlorination  of  effluents  is  also  required. 


Sulphide 

Sulphide  was  detected  at  37  \ig/L  in  the  sludge  pond  effluent  (CO0400).  Since  oxida- 
tion of  cyanide  has  been  recommended  as  part  of  BAT  Option  4,  removal  of  sulphides 
will  occur  concurrently  with  cyanide  oxidation. 


Toluene 

Toluene  was  detected  in  the  sludge  pond  effluent  at  2.1  \igj'L.  The  toluene  levels  will 
likely  be  eliminated  when  the  sludge  pond  effluent  is  treated  using  nitrification/denitrifi- 
cation  processes. 


pH 

As  under  BAT  Option  1,  final  effluent  pH  control  is  recommended  for  Control  Point 
CO0200.  The  condensate/sludge  pond  effluent  will  be  at  a  pH  of  8  to  8.5  following 
alkaline  chlorination/dechlorination.  Final  effluent  pH  adjustment  will  ensure  a  pH  in 
the  range  6.5  to  8.5. 


3.43  Summary 

In  summary,  BAT  Option  4  entails: 

•  No  changes  to  the  existing  once  through  cooling  water  discharge  (OT1300). 

•  Storm  Water  Control  Study  for  aluminum  and  TSS  loadings  in  CO0200  not  con- 
tributed by  CO0400. 

•  Discharging  DICY  barometric  condenser  condensate  to  the  sludge  pond  for 
furiher  treatment  with  sludge  pond  effluent  (CO0400)  for:. 

Removal  of  ammonia  by  nitrification. 
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Removal  of  nitrates  and  toluene  by  denitrification. 

Removal    of   cyanide    and    sulphides    by    alkaline    chlorination,    fol- 
lowed by  dechlorination  of  effluents. 

Reduction  of  TSS,  aluminum,  and  phosphate  by  gravity  sand  filtration. 

•  Final  effluent  pH  adjustment  at  CO0200. 

•  Management  practices  for  oil  and  grease  and  phenolics  control. 

3^  BAT  Option  5 

Technologies  that  would  advance  this  plant  further  toward  zero-discharge  of  wastewater 
were  not  identified  in  the  global  search.  There  are  no  opportunities  for  consumption  of 
boiler  blowdown,  barometric  condenser  condensate,  softener  regeneration  effluent,  line 
and  vessel  wash  water,  and  once  through  cooling  water  in  the  process.  Although 
approximately  70  percent  of  the  diamide  lime  is  sold  to  produce  desulphurization 
reagents  (Ref.  6),  the  remainder  is  precipitated  in  the  sludge  pond.  It  may  be  possible 
to  consider  utilizing  the  treated  sludge  pond  effluent  (as  proposed  in  the  previous  sec- 
tion) as  once  through  cooling  water  to  replace  Welland  River  water.  Although  this 
would  result  in  a  6,364  m^  reduction  in  daily  water  requirements,  and  will  further  the 
plant  towards  zero-discharge  by  reducing  other  once  through  cooling  water  discharges, 
it  will  not  significantly  reduce  contaminant  loading.  As  well,  the  temperature  of  the 
treated  sludge  pond  effluent  presents  significant  limitations  to  this  proposal. 

Evaporating  process  effluents,  or  using  closed-loop  air  cooling  systems  to  eliminate 
cooling  water  discharges,  are  not  effective  in  this  part  of  Ontario,  where  precipitation 
rates  are  almost  equal  evaporation  rates,  and  warm  seasonal  temperatures  are  ex- 
perienced. 

Technologies  to  advance  this  plant  further  towards  zero-discharge  of  contaminants  were 
outlined  in  BAT  Option  4.  Therefore,  BAT  Option  5  includes  measures  outlined  in  the 
discussion  of  BAT  Option  4. 

3.6  Summary 

Table  5  summarizes  BAT  Options  for  Cyanamid  (Welland). 
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Table  5 
Summary  of  BAT  Options  at  Cyanamid  (Welland) 

BATOpUoo 

DeOnJIioa 

Tcchnotofj 

1 

Least  cost  producing 
noo-letbal  eOluent 

Divcnion  of  DICY  barometric  condenser  condensate  to  the  sludge  pond. 

•  Nitrifjcatlon-denitriflcation  of  sludge  pond  eflluenL 

•  Fmai  effluent  pH  adjustment  at  CO0200. 

•  Toxidcy  Reduction  Study  for  dicyandiamide  and  denvatives. 

2 

U.S.  BAT 

•       Not  defined. 

3 

Best  demottstrated  in 
Ontario 

•       Existing  wastewater  management  system. 

4 

Maximum  reduction  of 
pollutants 

•  Drversion  of  DICY  barometric  condenser  condensate  to  the  sludge  pond. 

•  NitnQcation-denitnfJcation  of  condensate/sludge  pond  effluenL 

•  Filtration  of  condensate/sludge  pond  cfHuenL 

•  Alkaline  chlonnation  of  condensate/sludge  pond  efDuenL 

•  Dechloruialion  of  oondensateAludgc  pond  eflluenL 
Final  effluent  pH  adjustment  at  C00200. 

•  Management  practices  for  oil  and  grease  and  phenolics  control. 

5 

Furthest  towards  zero- 
discharge  of  pollutants 

Same  as  BAT  Option  4. 

4.0 


BAT  OPTIONS 


BAT  Option  2  was  not  deSned  for  Cyanamid  (Welland)  and  BAT  Option  3  involved  no 
changes  to  the  existing  wastewater  management  system.  BAT  Options  1,  4  and  5  are 
described  in  the  following  subsections.  BAT  Options  4  and  5  entail  the  same  recom- 
mendations. 


4.1 


BAT  Option  1 


BAT  Option  1  includes  implementation  of  a  Toxicity  Reduction  Study  with  respect  to 
dicyandiamide  and  its  derivatives.  This  study  would  include  the  following  tasks: 

•  Develop  LC50  data  for  cyanamide,  dicyandiamide  and  related  com- 
pounds. 

Establish  the  toxicity  of  the  effluents  at  CO02(X)  once  BAT  Option  1 
has  been  implemented. 

•  Enumerate  potential  toxic  contaminants  remaining,  if  any. 

•  Identify  sources  of  potential  toxic  contaminants  remaining,  if  any. 

•  Identify  alternatives  to  eliminate  toxic  contaminants. 
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•  Develop  and  implement  toxicity  reduction  management  program. 

Since  the  scope  of  these  studies  carmot  be  fully  defined,  based  on  the  available  infor- 
mation, especially  with  respect  to  sampling  and  analytical  work,  costs  for  these  studies 
have  not  been  developed. 

Other  recommendations  for  BAT  Option  1  include: 

•  Redirecting  the  DICY  barometric  condenser  condensate  to  the  sludge 
pond  for  further  treatment. 

•  Biological  nitrogen  removal  treatment  of  condensate/sludge  pond  effluent 
for  ammonia  nitrogen  removal. 

•  Automated  pH  control  of  final  effluent  at  CO0200. 

4.1.1  Redirection  of  DICY  Barometric  Condenser  Condensate 

Since  both  the  barometric  condenser  condensate  and  the  sludge  pond  effluent  likely 
contribute  to  the  ammonia  levels  measured  at  CO0200,  the  barometric  condenser  con- 
densate should  be  redirected  to  discharge  into  the  sludge  pond  for  further  treatment. 

This  modification  involves  combining  the  DICY  diamide  lime  slurry  stream  with  the 
barometric  compressor  condensate  in  the  DICY  production  area.  A  larger  transfer 
pipe  to  the  sludge  pond  would  have  to  be  installed  to  accommodate  the  increased  flow. 
Alternatively,  the  treatment  plant  could  be  constructed  in  the  DICY  area  and  sludge 
pond  effluent  would  be  transferred  to  this  area.  The  estimated  capital  cost  associated 
with  the  construction,  and  installation  of  a  0.7  m  diameter  gravity  feed  sewer  amounts 
to  $666,400  (including  35%  installation,  30%  contingency  allowance,  15%  engineering 
and  7%  G.S.T.;  ENR  CCI  6343)  (Réf.  7). 

4.1JI  Nitrification/Denitriflcation 

Description 

Ambient  temperatures,  combined  with  the  effects  of  the  elevated  pH,  may  result  in 
toxic  levels  of  un-ionized  ammonia  in  the  condensate/sludge  pond  effluent  as  described 
in  Section  3  under  BAT  Option  1.  Therefore,  ammonia-nitrogen  removal  is  recom- 
mended as  described  in  a  general  technology  report  (Ref.  2).  Ammonia  and  nitrate 
levels  are  reduced  in  the  nitrification-denitrification  system,  which  consists  of  coupled 
biological  fluidized  bed  reactors.  The  nitrification  unit  is  supplied  with  pure  oxygen, 
while  the  denitrification  unit  may  require  the  addition  of  methanol  as  a  supplemental 
carbon  source. 
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Performance 

The  estimated  performance  of  implementing  nitrification-denitrification  under  BAT 
Option  1  is  presented  in  Table  6.  As  noted  in  Section  3.0,  it  has  been  assvmned  that 
total  ammonia  and  nitrate  nitrogen  loadings  are  contributed  by  only  the  slurry  pond 
effluent  and  the  barometric  condenser  condensate.  Removal  efficiencies  of  99%  were 
reported  in  the  General  Technology  Report  (Ref.  2)  but  levels  of  less  than  1  mg/L  are 
not  generally  reported.  Ammonia  measured  as  TKN  will  be  reduced,  but  the  removal 
efficiency  of  other  nitrogen  compounds  is  not  known.  Incidental  removal  of  total 
cyanide  may  also  occur,  but  is  not  possible  to  predict  since  removal  depends  on  the 
form  of  cyanide  present. 


Table  6 
Projected  Performance  of  Implementing  Nitrification-Denitrincation  Under  BAT 

Option  1 

CoaUmiaanl 

Total  Loaàiag}^ 

EsUmalcd  lotlneat 
Cooccolniioo  (n>t^)^ 

Etlimalcd  EfflacaC 
CooccDtnlloa  (in«/L)^ 

Rcdoclioa  (kf/d)^ 

NHyNH4+  as  N 
TKN 
NO-,/NO"3  as  N 

211.8 
747.6 
2490 

14.2 
502 
16.7 

<1 
37.0 
<1 

>197 
197 

>234 

Notes; 

1.  See  Table  4. 

2.  Based  on  99%  removal  efTiaciicy,  and  a  lower  limit  of  1  mg/L  achievable.  Ref.  8. 

Costs 

Capital  costs  estimated  for  a  nitrification-denitrification  system  to  treat  14,900  mVd  are 
$20,300,000. 

Costs  for  the  nitrification-denitrification  system  are  based  on  information  from  Ref.  2 
and  include  the  following  items: 

•  Fluidized  bed  reactors  for  nitrification  and  denitrification  including  oxyge- 
nator pits. 

•  Qarifier  with  polymer  addition  system. 

•  Mechanical  equipment,  pumps,  piping  and  valves. 

•  Installation  and  site  work. 

•  35  percent  installation. 
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•  30  percent  contingency  allowance. 

•  15  percent  engineering 

•  7  percent  G.S.T. 

Operating  costs  estimated  based  on  Ref.  2  are  $1.54  million  per  year  and  include  the 
following  items,  but  not  labour: 

Oxygen  supply 
Electricity  requirements 
Chemicals  for  pH  adjustment 
Methanol  supply 
Sludge  disposal. 

4.1J  Final  Eflluent  pH  Control 

Description 

Currently,  pH  control  for  the  final  effluent  is  conducted  on  a  manual  basis,  and  results 
in  potentially  lethal  excursions  ranging  from  5.6  to  8.7.  To  reduce  the  occurrence  of 
these  excursions,  it  is  recommended  that  an  automated  pH  adjustment  system  be  instal- 
led. The  components  of  this  system  include: 

•  A  small  continuous  flow  mix  tank. 

•  pH  monitoring  probes  upstream  and  downstream  of  the  chemical  ad- 
dition points. 

•  An  automatic  feedback  control  system. 

•  Two  chemical  feed  systems;  one  for  acid  addition  and  one  for  caustic 
addition. 

Appendix  Figure  Al  presents  a  schematic  of  a  typical  pH  adjustment  system. 

Performance 

The  pH  adjustment  system  will  produce  effluents  with  pH  in  the  range  of  6.5  to  8.5. 
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Costs 

Capita]  costs  of  the  neutralization  system,  presented  in  Table  7,  are  estimated  to  total 
$240,000  (ENR  CCI  6343).  The  main  operating  cost  component  will  be  chemicals. 
The  quantity  of  chemicals  cannot  be  calculated  based  on  the  available  information. 


4.1.4 


Summary 


Table  8  summarizes  the  projected  performance  and  costs  of  implementing  BAT  Option 
1. 


Table  7 
Estimated  Capital  Cost  of  Final  EfTluent  Neutralization  System 

Component 

Cost»-2 

Chemical  storage  tank,  mix  tank  and  feed  systems 
Continuous  mix  reactors 
Instrumentation  and  controls 

S80.000 

$100.000 

S60,000 

Total 

$240,000 

Notes: 

1.           Includes  35  percent  installation,  30  percent  estimating  contingency,  15  percent  engineering 

and  7  percent  G.ST. 
1            ENR  CCI  6343. 

Table  8 
Summary  of  Performance  and  Costs  of  BAT  Option  1^ 

Tcchi>ol«(7 

CUpiUlCost 

($) 

Operalint  Co6t 

CiMiTrnmhwiil 

LaMfiug 

Rcdactloo  (kg^d) 

«lCOe200 

Dtvening  DICY  condcnsaie  to  sJudge  pond 

666.400 

negligible 

not  applicable 

not  applicable 

NitriCcatiooKlciuiriCcatioD 

20300,000 

1 .540.000 

f^y'^4"^  as  N 

TKN 
NOj-ZNOj-  as  N 

>197 
197 
>234 

pH  adjustment 

240.000 

unlmown 

pH  (6.5  to  8.5) 

not  applicable 

Total 

$21.206.400 

$1.540,000^ 

Notes:                                                                                                                                                                                               11 

1.  Assumptioos  for  estimates  prorvided  in  Section  4.1  and  Tables  6  and  10. 

2.  Docs  not  include  unknown  chemical  costs  for  pH  adjustment 
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42  BAT  Options  4  and  5 

BAT  Options  4  and  5  entaO: 

•  Redirection  of  the  DICY  barometric  condenser  condensate  to  the  sludge 
pond  for  further  treatment  by: 

Biological   removal   of  ammonia-nitrogen,    nitrate-nitrogen   and 
toluene  from  condensate/sludge  pond  effluent. 

Alkaline  chlorination  for  cyanide  and  sulphide  removal  from  con- 
densate/sludge pond  effluent. 

Dechlorination  of  alkaline  chlorination  effluent. 

Filtration  of  the  condensate/sludge  pond  effluent  for  aluminum, 
TSS  and  phosphates  removal. 

Final  effluent  pH  control  at  CO0200. 

•  Management  practices  for  oil  and  grease  and  phenolics  control. 

The  costs  and  details  of  the  redirection  of  the  DICY  barometric  condenser  condensate 
and  treatment  of  the  sludge  pond/condensate  stream  by  nitrification/denitrification  were 
presented  in  the  discussion  of  BAT  Option  1  in  Section  4.1.  In  addition,  final  effluent 
pH  control  included  in  BAT  Option  4  was  presented. 


42.1  Filtration  of  Condensate/Sludge  Pond  Effluent 

The  proposed  filtration  system  for  TSS,  aluminum  and  phosphorus  removal  entails  twin 
gravity-fed  sand  filters,  connected  in  parallel,  similar  to  the  system  in  use  at  Cabot 
Canada  Limited  (Ref.  3).  This  system  would  follow  biological  nitrogen  removal. 


Performance 

The  performance  of  the  filter  in  the  removal  of  TSS  and  alimiinum  under  BAT  Option 
4  is  summarized  in  Table  9.  The  filter  should  be  able  to  achieve  5  mg/L  of  TSS,  which 
is  comparable  to  the  performance  of  a  similar  system  at  Cabot  Canada  Limited  (Ref. 
3). 

Results  for  aluminum  are  based  on  the  assumption  that  aluminum  will  be  removed  with 
the  same  efficiency  as  suspended  solids  in  the  filtration  system,  since  it  is  most  likely 
present  in  a  particulate  form  in  the  sludge  pond.   It  should  be  noted  that  the  effluent 
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aluminum  level  achieved  (0.10  mg/L)  is  the  lower  limit  of  concentration  achievable 
owing  to  the  solubility  of  aluminum  in  natural  water. 

Total  phosphorus  removals  are  also  reported  in  Table  9.  These  removals  are  based  on 
the  arbitrary  assumption  that  50  percent  of  the  total  phosphorus  present  is  in  a  solid 
form  and  is  removable  by  filtration. 

The  alxmiinum  TSS,  and  phosphorus  loadings  to  the  filter  include  those  measured  at 
Control  Point  CO0400  for  the  sludge  pond  effluent  and  assuming  the  intake  water 
concentrations  for  the  barometric  condenser  condensate,  since  these  contaminants 
would  not  likely  be  contributed  in  the  condenser  operation.  Intake  water  concentra- 
tions are  (Ref.  13): 


Aluminum 

TSS 

Phosphorus 


1,970  tig/L 
54.8  mg/L 
0.15  mg/L 


Table  9 
Projected  Performance  of  Implementing  Filtration  Under  BAT  Option  4 

O)  D  taminui  1 

Lo^Ungl  (l^d) 

In/Iiicnl  CooccDlratioD* 

Eirincut  CoDccDtrmilon^ 

(m«a.) 

UMMUng 
RedBcUoa  (k«/d) 

TSS 

AI 

Toul  Phosphorus 

634 

21.2 
11.6 

42.6 

1.42 
0.77 

5.03 
0.17 
038 

560.2 
18.6 

5.7 

Notes; 

1.  Loadings  include  those  measured  at  ebstiog  CO0400  and  those  coninbuied  Crom  barometiic  coodettscr  conden- 
sate (assumed  to  be  the  same  as  raw  water  quality). 

2.  Condensate/sludge  pond  effluent  has  a  flowrate  averaging  approatnatety  14.900  m^/d  (see  Section  3).                         H 

3.  Ref.  3.                                                                                                                                                                                 II 

Costs 

Capital  costs  of  the  filtration  system  appear  in  Table  10. 
Costs  include: 

•  Installation  at  35  percent. 

•  Contingency  allowance  at  30  percent. 

•  Engineering  at  15  percent. 

•  G.S.T.  at  7  percent. 
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Table  10 
Capital  Cost  of  Filtration  Ponds                                         |{ 

Capital  Cost  Item 

Cost 

Distribution  trough,  piping,  level  control  chamber 
Site  work 
Filtration  section 

5193,500 

452,800 

81300 

Total 

$727,600 

Operating  costs  will  be  largely  dependent  on  the  amount  of  solids  requiring  disposal 
when  the  filtration  ponds  are  cleaned.  If  solids  are  removed  by  vacuum  truck  and 
hauled  away  as  a  slurry  at  five  percent  solids  for  $50/m^  operating  costs  would  be  ap- 
proximately $86,000  per  year. 


4.2.2  Removal  of  Cyanide  by  Alkaline  Chlorination 

Description 

The  oxidation  of  cyanide  using  alkaline  chlorination  should  be  considered  for  treating 
the  condensate/sludge  pond  effluent,  following  the  nitrification/denitrification  and  filtra- 
tion processes.  This  process  should  be  followed  by  dechlorination. 

Chlorination  may  be  accomplished  by  either  addition  of  sodium  hypochlorite  solution, 
or  addition  of  chlorine  gas  plus  sodium  hydroxide.  The  net  result  of  both  of  these  pro- 
cesses is  the  reaction  of  cyanide  with  hypochlorite,  since  the  addition  of  chlorine  gas 
and  sodium  hydroxide  results  first  in  the  formation  of  hypochlorite.  Accordingly,  the 
following  paragraphs  describe  the  reaction  of  cyanide  with  hypochlorite.  While  chlorine 
gas/sodium  hydroxide  treatment  is  approximately  half  as  expensive  as  sodiimi 
hypochlorite  addition,  the  associated  handling  and  equipment  costs  are  higher.  The 
following  costs  are  based  upon  chlorine  gas  and  sodium  hydroxide  addition. 

The  complete  oxidation  of  cyanide  is  a  two-stage  process.  In  the  first  stage  of  the  pro- 
cess, cyanide  is  oxidized  to  cyanate,  over  0.5  hr  to  2  hr.  The  first  stage  of  this  reaction 
requires  vigorous  agitation  to  prevent  solid  cyanide  precipitates  from  forming.  During 
this  stage,  the  pH  of  this  mixture  should  be  maintained  at  >10,  and  the  ORP  (oxida- 
tion-reduction potential)  should  be  maintained  at  350  to  400  mV.  The  net  reaction  in 
the  first  stage  of  this  process  follows: 

CN"  +  oa-  •>  GNO-  -I-  a- 

The  second  stage  of  the  oxidation  process  involves  the  addition  of  acid,  to  reduce  the 
pH  to  8.0  to  8.5.  The  cyanate  will  then  be  oxidized  by  the  following  reaction. 
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3  OQ-  +  2  CNO-  +H2O  ->     2  HCO-3  +  N2  +  3  Q- 

The  addition  of  the  hypochlorite  should  be  adjusted  to  maintain  the  ORP  at  600  mV. 
The  pH  must  not  be  allowed  to  drop  below  8  to  avoid  the  formation  of  highly  toxic 
cyanogen  chloride  gas  or  chlorophenols.  At  this  point,  the  treated  water  should  be 
suitable  for  discharge  following  dechlorination. 

The  rate  of  chemical  dosage  should  be  based  on  the  results  of  jar  tests  especially  since 
there  is  no  information  on  whether  dicyandiamide  and  its  derivatives  exert  a  chlorine 
demand.  The  typical  dosage  rates  used  to  cost  this  system  include: 

•  1.75  g  of  chlorine  gas  for  every  gram  of  cyanide,  for  the  first  stage  of 
oxidation. 

•  4.3  g  of  chlorine  gas  for  every  gram  of  cyanide,  for  the  second  stage  of 
oxidation  (Ref.  4  ). 

The  components  of  the  system  include: 

•  Two  stage  concrete  reaction  vessel. 

•  Agitators  (2). 

•  Chlorine  feed  system 

chlorine  vaporizer 
chlorinator 
circulation  pumps  (2) 

•  Piping,  instrumentation,  electrical 

•  Metal  shed 

pH  and  ORP  control. 


Performance 

The  oxidation  of  cyanide  can  potentially  reduce  cyanide  levels  to  zero  (Ref.  4).  Howe- 
ver, strict  pH  and  ORP  control  will  be  required  to  reach  this  goal. 

It  should  also  be  noted  that  the  oxidation  by  chlorination  will  reduce  levels  of  sulphide. 
The  predicted  performance  of  this  system  is  presented  in  Table  11. 
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Table  11 
Predicted  Performance  of  Alkaline  Chlorination  of  Condensate/Sludge  Pond 

EfQuent 

Parameter 

Current  Quality 

Projected  Quality 

Loading  Reduction 

Total  Cyanide  (kg/d) 
Total  Cyanide  (mg/L) 

2336^ 
0.157^ 

02 
02 

100% 

Sulphide  (kg/d) 
Sulphide  (mg/L) 

0.223^ 
19.7^ 

02 
02 

100% 

Notes: 

1.  See  Table  4. 

2.  Based  on  achievable  levels  (Ref.  4). 

3.  Based  on  the  assumption  that  the  source  of  sulphide  in  the  condensate/sludge  f>ond  efQu- 
ent  is  the  sludge  pond  (COCWOO)  only.   Concentrations  are  based  on  the  sludge  pond 
loading  (0.223  kg/d)  divided  by  the  condensate/sludge  pond  effluent  Qow  rate  (14,900 
m^/d). 

Costs 


The  capital  costs  for  cyanide  removal  are  presented  in  Table  12. 


Table  12 
Estimated  Capital  Costs  for  Cyanide  Removal  System 

Component 

Estimated 
Capital  Cost*^ 

Alkaline  Chlorination  Unit 

•           Includes  2  stage  concrete  reaction  vessel,  two  mechanical  agitators, 
chlorine  feed  system  (chlorine  vaporizer,  chlorinator  and  two  cir- 
culation pumps),  piping,  instrumentation,  electrical,  metal  shed,  pH 
and  ORP  control. 

54,510,000^ 

Notes: 

1.  Capital  costs  include  35  percent  installation,  30  percent  estimating  contingency,  15  per- 
cent engineering,  and  7  percent  G.S.T. 

2.  Ref.  8. 

The  operating  costs  for  this  system  are  difficult  to  predict,  since  the  chemical  dosage 
required  for  pH  adjustment  depends  on  the  buffering  capacity  of  the  wastewater.  The 
estimated  chlorine  and  caustic  soda  (50%  solution)  costs  based  upon  the  estimated 
chemical  requirements  are  presented  in  Table  13. 
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Table  13 
Estimated  Annual  Operating  Costs 

Chemical 

Operating  Costs 

Chlorine  Gas 
Caustic  Soda 

S6,800/yl 

$7,400/^                                 1 

Notes: 

1.  Based  upon  6.05  g  Cyg  CK  total  for  both  stages  of  oxidation.   Costs  provided  by  Har- 
cos  Chemicals  Canada  Inc. 

2.  Based  upon  6.05  g  of  NaOH/g  of  CN"  toul  for  both  stages  of  oxidation.   Costs  provided 
1                by  Canada  Colours  and  Chemicals  Limited. 

Other  requirements,  including  power,  labour  and  chemical  dosages,  are  not  included  in 
these  operating  costs. 


4.23  Dechlorination 

Description 

In  order  to  reduce  the  possibility  of  toxic  effluents,  the  effluent  from  the  alkaline  chlori- 
nation  unit  should  be  dechlorinated.  The  details  of  the  design  parameters  were  descr- 
ibed in  a  general  technology  report  (Ref.  9). 

Performance 

Theoretically,  residual  chlorine  can  be  reduced  to  zero  using  this  technology  (Ref.  9). 
However,  limitations  in  the  instrumentation  used  to  monitor  residual  chlorine  and  con- 
trol chemical  doses  make  this  difficult  to  achieve  in  practice.  Regardless,  residual  chlo- 
rine will  be  reduced  to  below  toxic  levels. 


Costs 

The  capital  costs  for  a  sodium  metabilsulphide  dechlorination  system,  including  instal- 
lation amounts  to  $162,900  (1991)  (Ref.  9).  Based  upon  1  mg/L  of  residual  chloride  in 
the  alkaline  chlorination  system  efiQuent,  the  sodium  metabisulphite  costs  amount  to 
$21,800/yr  (Ref.  9). 
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4.2.4  Oil  and  Grease/Phenolics  Management  Practices 

Description 

Management  practices  for  source  control  of  oil  and  grease  and  pbenolics  releases  will 
include  diligent  collection  of  oils  during  equipment  maintenance  and  repair,  routine 
inspection  of  equipment  for  oil  leaks,  containment  of  high  risk  and  spill  areas,  place- 
ment of  absorbent  socks  and  pads  around  equipment,  employee  training  on  oil  spill 
procedures,  etc. 

Performance 

The  performance  of  management  practices  for  source  control  of  oil  and  grease  and 
phenolics,  and  other  management  practices,  may  be  estimated  by  examining  monitoring 
data  in  more  detail.  The  performance  summarized  in  Table  14  has  been  estimated  by 
assuming  that  the  plant  will  achieve  the  lowest  monthly  mean  concentration  for  these 
contaminants  on  a  consistent  basis.  Note  that  these  concentrations  are  not  the  mini- 
mum values  recorded  in  Tables  Al  and  A2,  but  are  the  lowest  monthly  mean  concen- 
trations. Also  note  that  loading  reductions  achieved  at  CO0400  are  reflected  in  the 
estimates  for  the  final  effluent,  CO0200,  and  that  these  figures  should  not  be  added. 


Table  14 
Projected  Performance  of  Oil  and  Grease  and  Phenolics  Management  Practices 

Under  BAT  Option  4 

Conliol  Point 

ConUuniiuui  C 

ExisUng 

Projected 

CoDcentratioo 

Loading  (Vg/d) 

Concentration^ 

Loading^  (kg/d) 

CO0200 
CO0400 

Oil  and  Grease 

Phenolics 

Oil  and  Grease 

Pbenolics 

2.01  mg/L 
2J8^g/L 
1 J  mg/L 
2.7ng/L 

45.69 
0.064 
8.652 
0.021 

1.025  mg/L 

1.00  ^g/L 

1.1  mg/L 
1.00  ng/L 

733 
0.025 
6345 
0.008 

Notes: 

1.  Lowest  monthly  mean  concentration  for  12  months  of  MISA  monitoring  (not  minimum  values  from  Tables  Al 
and  A2). 

2.  Calculated  based  on  percenuge  reduction  in  concentration. 

1 ' 

Costs 

Costs  for  implementing  management  practices  for  oil  and  grease  and  phenolics  carmot 
be  calculated  in  detail,  since  the  necessary  changes  to  the  plant  and  employee  training 
could  not  be  defined  within  the  scope  of  the  study.  It  is  reasonable  to  assume,  how- 
ever, that  these  costs  would  be  relatively  small  for  minor  changes  around  the  plant  such 
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as  containment  implementation.  Negligible  costs  were  also  assumed  for  including  oil 
control  procedures  in  staff  training  programs,  and  other  routine  operating  re- 
quirements. 


4^.8 


Summary 


Table  15  summarizes  the  projected  performance  and  costs  of  implementing  BAT  Op- 
tion 4  or  5. 


Table  15 
Summary  of  Performance  and  Costs  of  BAT  Option  4  and  5' 

Tcchoolegjr 

Capital  Cost 

Opcraling  Cost 

(Vyr) 

Contamlnanl 

Rcdoclioa  (kf/i) 
at  CO0200 

Divcning  DICY  condensate  lo  sludge  pond 

6OO.400 

negligible 

not  applicable 

not  applicable 

NiiriCcation-denitrificatioD 

20.300.000 

U40.000 

NHyNH^"^  as  N 

TKN 
NO^'/NOj-  as  N 

>197 
>197 
>234 

FUtraiion  pond 

727.600 

86,000 

TSS 
Al 
TP 

560  J2 
18.6 

5.7 

Chlonnation 

4^10.000 

14.200 

CN" 
S" 

2336 
0.223 

Dechlonoauon 

162.900 

21.800 

CCI" 

not  available 

Final  eOluenl  pH  adjustment 

240.000 

unknown 

pH  (6  J  to  83) 

not  applicable 

Management  praaicxs  for  oil  and  grease 
and  phcDolics 

negligible 

negligible 

Oil  and  grease 
Pbenolics 

233 
0.025 

Total 

$26,606,900 

$1,662J»0^ 

- 

- 

Notes: 

1.  Estimates  based  on  assumptions  presented  in  Section  4.1  and  A2  and  Tables  6  to  14. 

2.  Does  not  include  unknown  chemical  ccsts. 

!=^ 

5.0 


SUMMARY  OF  COST  AND  PERFORMANCE  OF  BAT  OPTIONS 


Table  16  presents  a  summary  of  estimated  costs  and  performance  of  implementing 
BAT  Options  at  Cyanamid  (Welland). 
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Table  16 

Summary  of  Cost  and  Performance  of  BAT  Options^ 

Compoaeot 

BATOpUoal 

BAT<^Xlea2 

BAT  OpUoB  5 

BATOpllM»4aiMl5    | 

Cost                                                                                             1 

Capital 

$21,206,400 

0 

0 

$26366.900 

Operating 

51,540,000 

0 

0 

$1,662,000 

TSS 

0 

0 

0 

560.2 

AI 

0 

0 

0 

18.6 

TP 

0 

0 

0 

5.7 

NH3/NH4'^  as  N 

>197 

0 

0 

>197 

TKN 

>197 

0 

0 

>197 

N02'/N03'  as  N 

>234 

0 

0 

>234 

Cyanide 

0 

0 

0 

2J36 

Sulphide 

0 

0 

0 

0.223 

Oil  and  grease 

0 

0 

0 

233 

Phcnolics 

0 

0.02S 

Notes: 

1.               Estimates  ba. 

>ed  on  assumptions  presented  in  Section  4.1  and  4JZ  and  Tables  6  to  14. 
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Table  A1.  Cyanamid  Caririda  Inc.  (Welland  Plant) 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0200 
Description:  Miners  Creek  -  Combined 

Contaminant 

Units 

Concentration  over  12  Montli 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

8940 

199000 

28700 

COD 

mg/L 

28 

44 

36 

945.428 

Cyanide  Total 

mg/L 

0.002 

0.662 

0.093 

2.336 

Hydrogen  Ion  (pH) 

5.6 

8.7 

6.76 

Ammonia  Plus  Ammonium 

mg/L 

1.6 

20.3 

7.9 

211.83 

Total  Kjeldahi  Nitrogen 

mg/L 

.4.2 

107.1 

28 

747.632 

Nitrate  and  Nitrite 

mg/L 

1.6 

40 

^^K^"^ 

249.042 

DOC 

mg/L 

4.2 

S^ 

,  6'5T5.6 

359.788 

TOC 

mg/L 

5.3 

sl#^?' 

^>0\®^5.5 

366.931 

Total  Phosphorus 

mg/L 

^ 

\^ 

0.84 

23.283 

Specific  Conductance 

uS/cm 

30% 

^«^^989 

515 

Total  Suspended  Solids 

mg/L 

1 

358 

21 

1046.412 

Aluminum 

ug/L 

21 

5500 

789 

29.64 

Strontium 

ug/L 

42 

350 

234 

5.537 

Zinc 

ug/L 

4 

79 

14 

0.381 

Antimony 

ug/L 

3 

12 

6.1 

0.122 

Phenolics  (4AAP) 

ug/L 

0.3 

21 

2.58 

0.064 

Oil  and  Grease 

mg/L 

1 

19 

2.01 

45.69 

Chloride,  Unfittered  Reactive 

mg/L 

27 

41 

34 

891.907 

Fluoride,  Unfittered  Reactive 

mg/L 

0.3 

0.4 

0.35 

9.142 

Sulphate.  Unfittered  Reactive 

mg/L 

96 

120 

108 

2814.744 

Table  A2,  Cyanamid  Canada  Inc.  (Welland  Plant) 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0400 
Description:  Sludge  Road  »  1 1 

Contaminant 

Units 

Concentration  over  12  Month 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

3 

78600 

7950 

COD 

mg/L 

6.2 

61 

37 

224.632 

Cyanide  Total 

mg/L 

0.01 

0.782 

0.204 

1.052 

Hydrogen  Ion  (pH) 

7.2 

9.1 

8 

Ammonia  Plus  Ammonium 

mg/L 

1.3 

57.3 

15.9 

59.186 

Total  Kjeldahl  Nitrogen 

mg/L 

6.4 

134.7 

62.1 

263.223 

Nitrate  and  Nitrite 

mg/L 

1.8 

120 

13 

75.16 

DOC 

mg/L 

0.35 

53 

28.4 

116.745 

TOC    ■ 

mg/L 

8.7 

48 

A   6^^^ 

103.097 

Total  Phosphonjs 

mg/L 

0.2 

VC^"^^ 

0^25 

11.516 

Specific  Conductance 

uS/cm 

^Ak 

^^^!;8n 

\^^%7 

Total  Suspended  Solids 

mg/L 

^Y 

(N©  '^^^ 

33 

357.35 

Aluminum 

ug/L 

3^ 

>^     2000 

1000 

7.254 

Strontium 

ug/L 

170 

360 

239 

1.342 

Zinc 

ug/L 

2 

40 

12 

0.09 

Arsenic 

ug/L 

3 

19 

6.3 

0.026 

Antimony 

ug/L 

3 

11 

5.6 

0.02 

Phenolics  (4AAP) 

ug/L 

1 

7 

2.7 

0.021 

Sulphide 

ug/L 

19 

50 

37 

0.223 

Toluene 

ug/L 

0.05 

97 

2.1 

0.012 

Oil  and  Grease 

mg/L 

1 

8 

1.5 

8.652 

Chloride,  Unfiltered  Reactive 

mg/L 

26 

70 

46 

306.084 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.4 

0.5 

0.42 

2.652 

Sulphate,  Unfiltered  Reacfive 

mg/L 

82 

140 

107 

650.598 

TaWe  A3  Cyanamid  Canada  Inc.  (Welland  Plant) 

Summary  of  Ftows  and  Priority  One  Pollutants 

MISA  Control  Point:  OT1300 

Description:  Once  ttirough  non-contact  cooing  water 

Contaminant 

Units 

Concentration  over  12  Month 
Samping  Perigji^a 

trading 
{kg/d) 

Minimum 

Jd^!13*" 

■^^Mean 

Flow 

m3/d 

^^Ç7«|ÎXV^'^0Qffip\^*  2770 

DOC 

mg/L 

^%         "^ 

WU^'ie 

5.8 

4 

Total  Phosphoais 

mg/L 

m^ 

0.26 

0.091 

0.23 

Specific  Conductance 

uS/cm 

300 

411 

338 

Total  Suspended  Solids 

mg/L 

8 

140 

34 

8204 

Table  A4 

Toxicity  Data  for  Cyanamid  Canada  Inc  (Welland)  for  the  First  Six  Months  of 

MISA  Monitoring  Regulation 

MISA 
Control  Point 

Test  Species 

Number  of 
Samples 

Rancor  Lethal 
CoQcentratioa  DaU 

Number  of  Non- 
Lethal  Samples 

CO0200 

Rainbow  trout 
Daphnia  magna 

7 
5 

80.7%  to  non-lethal 
20.8%  to  40.6% 

3 
none 

OT1300 

Rainbow  trout 
Daphnia  magna 

2 
1 

>100% 
*Non-lethal 

none 

1 
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CAUSTIC 
SLURRY 


ACID 
SOLUTION 


COMBINED 

EFFLUENT 

DISCHARGE 


Figure  A1 
TYPICAL  pH  ADJUSTMENT  SYSTEM 
RECOMMENDED  UNDER  BAT  OPTION  1 
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APPENDIX  8 
Explosives  Technology  International  (Canada) 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

EXPLOSIVES  TECHNOLOGY  INTERNATIONAL  (ETI)  CANADA  LTD. 

1.0  PLANT  DESCRIPTION 

Explosives  Technology  International  (ETI)  Canada  Ltd.  manufactures  and  packages  a 
number  of  commercial  blasting  explosives  including: 

•  Monomethylamine  nitrate  (MMAN). 

•  Water  gel  explosives. 

•  Ammonium  nitrate/fuel  oil  explosives  (ANFO). 

•  Tovan  WR  (a  water  gel/ANFO  mixture).  ^ 

The  MMAN  is  produced  by  reacting  monomethylamine  with  nitric  acid.  The  product  is 
cooled  and  either  used  in  the  water  gel  explosive  manufacturing  process,  or  is  shipped 
offsite  by  tanker  truck. 

The  production  of  ammonium  nitrate/fuel  oil  (ANFO)  explosives  involves  spraying 
ammonium  nitrate  prills  (small  porous  pellets)  with  dyed  No.  2  fuel  oil.  The  product  is 
packaged  into  25  kg  plastic  bags  ready  for  distribution  to  the  customers. 

Water  gel  explosives  are  primarily  comprised  of  a  solution  containing  MMAN  and 
ammonium  nitrate.  A  number  of  other  ingredients  are  also  incorporated  into  the 
product  using  a  mechanical  mixer.  The  resulting  product  is  extruded  and  packaged. 

The  production  of  Tovan  WR  is  basically  a  mixing  operation  involving  a  large  propor- 
tion of  ANFO  and  lesser  amounts  of  water  gel  explosives  and  amorphous  silica. 

Intake  water  is  pumped  at  a  rate  of  2,500  m^/d  from  Lake  Nipissing.  Water  used  for 
domestic  purposes  is  filtered  and  chlorinated,  while  once  through  non-contact  cooling 
water  is  simply  filtered.  Boiler  make-up  water  used  for  steam  production  is  filtered  and 
softened.  The  process  water,  which  is  water  used  for  product  washing  is  untreated.  An 
unknown  portion  of  this  intake  water  supplies  a  neighbouring  polyolefins  plant 
(Fabrene)  and  a  reserve  for  fire  fighting  needs. 

Details  on  the  plant,  processes  and  wastewater  generation  are  provided  in  the  site  visit 
report  (Ref.  1). 
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2.0 
2.1 


WASTEWATER  SOURCES  AND  QUALITY 


Sources 


All  domestic  sanitary  flows  are  treated  in  a  segregated  septic  system. 

The  effluent  sources,  and  the  mean  flows  for  each  MISA  Control  Point  are  presented 
in  Table  1. 


Table  1 

t-H  MISA  Monitonng  Fomts 

MISA  Control 

Plant  Name  for 

FJow^ 

Point  Number 

Control  Point 

Eflliient  Sources 

(m^/d) 

OTOIOO 

Main  Weir 

•  Storm  water 

main  plant  and  acid  plant  (including  Tovan 
WR  and  water  recycling  system  buildings) 

•  Power  house 

non-coniact  cooling  water 

raw  water  storage  tank  overflow 

backwashes  (rom  water  tieatmeni  units 

885 

ST0300 

West  Stonn  Ditch 

•    Storm  water 

ammonium  nitrate  unloading 
ANFO  production  buildings 
main  water  gel  production  buildings 

Not  available 

STtVMW 

Oxik's  Creek 

♦    Storm  water 

landGU  areas 
evaporation  pond 
burning  grounds 
product  testing  buildings 
southern  areas  of  plant  site 

9.046 

ST0500 

Beaver  Pond 

•    MMAN  non-contaa  cooling  water 

Not  avaUable 

Storm  Ditch 

•    Storm  water 

MMAN  production  buildings 
No.  2  magazine 

Notes: 

1.              Mean  Qow  Crom  12  month  MISA 

Monitoring  Regulation  data. 

All  process  wastewaters  are  collected  in  holding  tanks,  which  are  periodically  emptied 
by  trucks  equipped  with  vacuimn  pumps  and  transferred  to  an  onsite  evaporation  pond. 
No  discharge  of  the  effluent  from  the  evaporation  pond  occurs.  Some  product  wash 
water  is  treated  for  solids  removal  and  recycled  before  discharge  to  the  evaporation 
pond.  Boiler  blowdown  is  also  discharged  to  the  onsite  evaporation  pond. 
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Solid  residues  from  the  pond  are  landfilled  onsite.  Contaminated  packaging,  and  solids 
removed  from  washwater  are  burned  in  a  low-lyiitg  natural  area  which  has  no  provision 
for  leachate  or  nmoff  control. 

The  only  wastewater  that  is  discharged  directly  includes: 

•  Backwashes  from  the  water  treatment  units  (filtering  and  softening)  at  a 
rate  of  17.0  m^/d  to  OTOIOO. 

•  Two  sources  of  once  through  non-contact  cooling  water. 

Cooling  water  for  the  boiler  pump  bearings  is  discharged  to 
OTOIOO  at  a  rate  of  32  m^/d.     • 

Cooling  water  for  the  monomethylamine  nitrate  reactor  building  is 
discharged  at  a  rate  of  approximately  79  m-^/d  to  ST0500. 

Neither  of  these  sources  receive  treatment  prior  to  discharge. 

Storm  water  from  the  developed  areas  of  the  site  discharge  through  Control  Points 
OTOIOO,  ST0300,  ST0400  and  ST0500.  There  is  no  storm  sewer  system  at  the  site  and 
runoff  from  production,  storage  and  disposal  areas  flow  by  ditch  to  the  receiving  water- 
way with  no  treatment. 


2^  Wastewater  Flows  and  Quality 

Appendix  Table  Al  presents  the  average,  maximum  and  minimum  flow  and  concentra- 
tion for  those  contaminants  defined  by  the  Ministry  of  the  Environment  as  "Priority  1" 
for  the  MISA  Control  Point  OTOIOO,  at  Explosives  Technologies  International  (ETI). 
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3.0        RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for 
wastewater  management,  with  the  exception  of  storm  water  runoff^  were  considered 
for  each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  1         -  A  least  cost  BAT  option  that  achieves  non-lethahty  to  rainbow 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3         -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  is  addressed  in  the  following  discussion. 


BAT  Option  I 

Toxicity  data  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Monitoring  Regulation  period  by  the  Ministry  of  the  Envirorunent  are  presented  in 
Appendix  Table  Al.  Of  the  two  trout  samples  tested,  both  were  non-lethal.  Of  the 
two  samples  tested  with  Daphnia  magna,  one  was  non-lethal  and  the  other  had  a  lethal 
concentration  greater  than  100  percent.  Since  all  the  samples  were  essentially  non- 
lethal,  the  existing  wastewater  system  at  ETI  is  considered  to  be  BAT  Option  1. 


BAT  Option  2 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,  1989  edition),  BAT  for  explosives 
load,  assemble  and  pack  plants  (Part  457,  Subpart  C)  was  not  defined.  However,  Best 


Storm  water  runoff  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct 
a  Storm  Water  Control  Study  at  each  site. 
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Practicable  Technology  (BPT)  was  defined  for  the  control  of  TSS,  où  and  grease  and 
pH  in  discharges  from  these  facilities. 

ETI  in  North  Bay  exceeds  these  requirements  in  as  much  as  there  are  no  direct  dis- 
charges of  process  related  effluent.  For  the  sake  of  comparison,  loadings  at  Control 
Point  OTOIOO  are  compared  to  BPT  limits  in  Table  2. 

Thus,  although  maximum  TSS  values  are  somewhat  high  at  OTOIOO,  ETI  may  be  said 
to  be  in  compliance  with  U.S.  BPT  since  TSS  in  these  effluents  most  likely  results  from 
storm  water  and  not  from  production  processes.  BAT  Option  2  is  the  existing 
wastewater  management  system  at  ETI  North  Bay. 


Table  2 
Comparison  of  L'li  Control  Point  OTOIOO  to  U.S.  BPT 

Contaminant 

D.S.  BPT  Maximum  Daily 
Loading  (kg/d)' 

ETI  Control  Point  OTOIOO  Maximum 
Loading  (kg/d) 

Oil  and  Grease 
TSS 
pH 

20 

48 

Note  2 

5.40 

61.6 

Note  3 

Notes: 

1.  Calculated  based  on  nameplate  production  capacity  at  til  North  Bay,  (Ref.  1). 

2.  Range  for  pH:  6.0  to  9.0. 

3.  All  pH  readings  in  the  range  6.5  to  8.5  and  therefore  in  compliance. 

BAT  Option  3 

ETI  is  the  only  direct  discharging  explosives  producer  in  Ontario.    Thus,  the  recom- 
mended BAT  Option  3  is  the  existing  wastewater  management  system  at  ETI. 


BAT  Option  4 

BAT  Option  4  is  intended  to  provide  maximum  overall  pollution  control.  Examination 
of  the  effluent  quality  at  OTOIOO  reveals  that  opportunities  for  addition  of  pollutants  in 
once  through  cooling  water  operations  do  not  exist.  This  is  supported  by  the  data  in 
Appendix  Table  Al.  The  majority  of  the  "Priority  1"  contaminants  in  this  stream  are 
not  associated  with  the  raw  materials  or  the  products  at  the  plant  and  are  most  likely 
originating  in  the  intake  water  source  or  storm  water. 
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Although  the  level  of  oil  and  grease  is  low  (1.49  mg/L),  an  oil  absorption  column  pre- 
sented in  the  General  Technology  Report  (Ref.  3)  could  be  used  to  reduce  these  levels 
if  required.  Alternatively,  pollution  prevention  activities  could  be  exercised  at  the  plant 
site  to  reduce  contamination  of  storm  water. 

There  is  no  obvious  source  of  aluminum  in  the  power  house  effluents  (see  Table  1). 
Since  the  data  vary  considerably  from  160  tig/L  to  4,600  ^g/L,  it  also  seems  unlikely 
that  raw  water  is  a  source.  This  contention  is  supported  by  the  fact  that  aluminum 
levels  at  storm  water  control  points  in  surface  waterways  at  the  site  are  well  below 
1,000  |ig/L.  Storm  water  sources  may  account  for  the  variability  in  these  readings  and 
granular  aluminum  is  a  raw  material  in  the  production  of  water  gel  explosives.  The 
aluminum  unloading  area  drains  to  Control  Point  OTOlOO  and  is  likely  at  major  source 
of  aluminum  loadings.  A  storm  water  management  ^tudy  would  confirm  or  refute  this 
assertion. 

Methods  to  treat  these  levels  of  aluminum  are  available  and  the  most  common  of  these 
is  precipitation  (Ref.  8).  However,  the  following  disadvantages  of  treatment  are  judged 
to  outweigh  the  benefits  of  improved  wastewater  quality: 

•  Optimal  pH  for  precipitation  is  6.5  to  8.5.    Effluents  are  already  in  this 
range  and  precipitation  may  not  result  in  any  further  improvement. 

•  Aluminum  precipitates  typically  have  poor  settling  characteristics  and 
produce  large  amounts  of  residuals  (i.e.  sludge)  for  disposal. 

•  Sludges  are  difficult  to  dewater.  Thus,  dewatering  may  not  alleviate  the 
residuals  problem. 

BAT  Option  4  does  not  include  measures  for  the  treatment  of  aluminum. 

Coagulation,  settling  and  filtration  could  be  used  to  reduce  the  total  suspended  solids 
concentration  fi-om  11.8  mg/L  to  5  mg/L  (Ref.  4).  This  approach  will  also  provide  for 
incidental  removal  of  aluminum.  However,  implementation  of  coagulation/settling/fil- 
tration system  will  produce  related  problems  which  must  be  addressed,  including: 

•  The  impacts  of  water  treatment  chemicals  on  effluents,  in  terms  of 
contaminant  concentrations  and  toxicity. 

•  The  handling  and  disposal  of  wastewater  treatment  residuals. 

•  The  dependence  of  system  reliability  and  operator  training  on  perform- 
ance. 

Because  of  these  problems  and  the  very  low  levels  of  TSS  in  the  effluent,  technologies 
to  reduce  TSS  are  not  recommended  in  BAT  Option  4. 
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Alkaline  chlorination  is  the  only  treatment  technology  available  to  treat  the  levels  of 
ammonia  present.  However,  disadvantages,  including  possible  formation  of  toxic  or 
noxious  by-products  and  the  necessity  to  dechlorinate  effluents,  are  judged  to  outweigh 
the  improvement  in  water  quality  which  would  result  at  ETI. 

Levels  of  nitrate  present  may  be  treatable  through  various  concentration  technologies. 
However,  since  nitrate  is  a  readily-absorbed  plant  nutrient  and  is  not  a  growth-limiting 
nutrient,  its  discharge  to  surface  waters  is  not  a  concern  in  this  instance  in  comparison 
to  the  disadvantages  of  concentration  technologies. 

Both  aminonia  and  nitrate  are  likely  originating  in  the  storm  water  at  OTOIOO  since 
these  materials  are  handled  in  that  drainage  area.  No  sources  exist  in  the  power  house 
effluents  (see  Table  1).  Thus,  a  storm  water  management  study  may  be  required  to 
identify  control  measures  for  these  contaminants.  Otherwise  BAT  Option  4  does  not 
include  measures  for  the  control  of  ammonia  and  nitrate. 

Technologies  for  the  removal  of  low  levels  of  the  remaining  contaminants  present  in 
the  effluent  at  Control  Point  OTOIOO  may  be  available  and  have  been  used  in  specific 
non-industrial  applications  (e.g.  drinking  water  treatment);  however,  an  exhaustive, 
global  search  carried  out  as  part  of  this  study  did  not  identify  practical  applications  of 
these  technologies  to  treating  industrial  wastewater  effluents  with  similar  contaminant 
concentrations.  Thus,  recommendations  for  BAT  Option  4  do  not  include  technologies 
for  the  removal  of  these  contaminants. 

Solids  removed  from  process  wash  water  through  settling  and  filtration,  and  contam- 
inated packaging,  are  burned  daily  in  a  low-lying  natural  area  which  has  no  provision 
for  leachate  or  runoff  control.  The  burning  grounds  operate  under  a  Certificate  of 
Approval  from  the  Ministry  of  the  Envirormient.  Storm  water  originating  or  passing 
through  the  burning  area  may  be  considered  a  process  effluent  since  it  comes  into 
direct  contact  with  the  product,  or  the  combustion  residuals  of  the  product.  If  ETI  is 
to  exercise  maximum  pollution  reduction,  control  of  this  potential  source  of  contamin- 
ation should  be  considered. 

A  global  search  was  conducted  to  identify  an  alternative  method  for  disposing  of  the 
solid  waste  generated  in  the  water  gel  explosives  process.  A  recycle  process  which 
involves  acid  hydrolysis  of  off-specification  water  gel  products  and  water  gel  process 
wastes,  was  developed  by  ETI,  Seneca  Works  (Ref.  2).  Although  concentrated 
recovered  nitrate  solution  is  reused  in  product  formulation,  the  presence  of  metals  in 
the  water  gel  wastes  (i.e.  fine  powder  aluminum)  results  in  a  considerable  potential  for 
fire  or  explosion.  In  addition,  sludges  from  the  process  must  be  landfilled  offsite  and 
process  upsets  are  common.  The  water  recycle  and  burning  process  in  place  at  North 
Bay  is  much  less  hazardous  than  the  acid  hydrolysis  recycle  process  in  place  at  Seneca 
and,  therefore,  is  the  preferred  method  of  treatment. 
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Maximum  pollution  reduction  would  involve  burning  in  an  area  where  storm  water  can 
be  collected  and  contained  for  approved  disposal.  ETI  should  consider  burning  wastes 
in  a  concrete  bermed  area  which  is  sloped  to  allow  collection  of  storm  water.  This 
option  is  discussed  in  more  detail  in  Section  4.0. 

A  second  alternative  involves  prevention  of  storm  water  contamination  by  covering  the 
existing  burning  area  with  a  tarp  or  similar  device  when  it  is  not  in  use.  However,  the 
success  of  such  a  device  in  preventing  storm  water  contamination  would  be  highly  de- 
pendent on  operator  care.  In  addition,  fire  safety  would  demand  that  the  covering 
remain  off  the  burning  area  until  all  burning  had  completely  finished.  It  is  possible, 
then,  that  storm  events  may  occur  while  the  cover  is  off  the  area.  Since  the  burning 
area  is  located  in  an  area  of  the  plant  site  which  is  staffed  only  during  burning  oper- 
ations, a  passive  storm  water  contamination  collection  system  is  judged  to  be  the  most 
reliable  technology  for  management  of  storm  water  from  this  area. 

In  summary,  recommendations  for  BAT  Option  4  include: 

•  A  Source  Identification  and  Control  Study^  for  aluminum,  ammonia  and 
nitrate.  This  effort  may  lead  to  a  storm  water  management  study  since 
storm  water  is  a  likely  source  of  these  contaminants. 

•  Installation  of  a  concrete  burning  area,  sloped  to  allow  contairmient  of 
storm  water. 


BAT  Option  5 

A  recommended  option  for  zero  discharge  of  process  water  was  discussed  in  the  pre- 
vious section,  BAT  Option  4. 

Additional  technologies  that  would  advance  the  plant  further  toward  zero-discharge 
were  not  identified  in  a  global  search.  Cooling  water  provided  by  once  through  non- 
contact  and  recirculation  cooling  tower  systems  are  invariably  used  to  cool  process 
equipment  in  industrial  manufacturing.  Other  cooling  methods,  such  closed-loop  air 
cooled  systems,  would  require  very  large  capital  expenditures,  power  consumption  and 
land  area  for  expansive  heat  exchange  equipment  requirements,  and  would  not  be  ef- 
fective in  warmer  months  in  Ontario.  Thus,  this  approach  to  cooling  is  not  used. 

BAT  Option  5  recommendations  are  the  same  as  those  presented  under  BAT  Option 
4. 


Source  IdentiTicatioD  and  Cootrol  Study  involves  an  audit  of  the  possible  sources  of  this  contaminant  Reduction  or 
elimination  of  this  contaminant  in  the  final  efDuent  may  be  based  on  source  controls  through  process  changes, 
materials  substitution,  improved  air  emission  quality,  best  management  practices,  or  through  storm  water  management. 

8 
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Summary 

The  BAT  Options  for  ETI  are  summarized  in  Table  3. 


Table  3 
Summary  of  BAT  Options  for  Explosive  Technologies  International  Ltd. 

BAT  Option 

Definition 

Description 

1 

I  ^^st  cost  producing  non-lethal 
effluents 

No  change  to  existing  system. 

2 

U.S.  BAT 

No  change  to  existing  system. 

3 

Best  demonstrated  in  Ontario 

No  change  to  existing  system. 

4 

Maximum  overall  pollution  reduaion 

Contain  burning  area. 

5 

Furthest  towards  zero-discharge  of  pol- 
lutants 

BAT  Option  4. 

4.0 


BAT  OPTIONS 


The  recommendations  for  BAT  Options  1,  2  and  3  were  no  changes  to  the  existing  sys- 
tem.  Options  4  and  5  are  described  below. 


4.1 


BAT  Options  4  and  5 


For  BAT  Options  4  and  5,  a  bermed,  concrete  burning  area  with  storm  water  collection 
is  recommended.  Since  the  existing  evaporation  pond  system  is  currently  at  capacity 
(Ref.  6),  this  option  also  includes  the  construction  of  a  clay-lined  evaporation  pond. 
This  recommendation  is  based  on  the  assimiption  that  air  emissions  from  the  burning 
operation  meet  air  quality  requirements. 

Figure  Al  presents  a  schematic  diagram  of  the  bermed  burning  area  and  storm  water 
collection  system.  The  bermed  burning  area  is  sloped  to  allow  for  collection  of  storm 
water  and  lined  with  fire  brick.  The  burning  pad  is  reinforced  and  underlain  with  sand 
or  gravel  to  allow  for  uneven  settling  (i.e.  a  floating  slab).  A  discharge  pipe  transfers 
collected  wash  water  to  an  underground  stmap.  The  transfer  pipe  and  the  storm  water 
collection  sump  is  insulated  to  prevent  freezing  of  the  collected  storm  water.  Because 
of  the  isolated  location  of  the  burning  area,  it  is  recommended  that  the  storm  water 
collected  in  the  underground  sump  is  transferred  by  vacuum  truck  to  an  evaporation 
pond. 

The  actual  design  specifications  for  the  system  are  presented  in  Table  4. 
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Table  4 
Design  Parameters  for  BAT  Option  4  for  L'll 

Component 

Description 

Burning  Pad 

diameter 

•  height  of  berms 

•  thickness  of  base 

•  depth  of  sand/gravel  underlay  material 

10  m 
0.5  m 
0.4  m 
0.3  m 

Storm  Water  Collection  Sump 

•            volume 

1.5  m^ 

Evaporation  Pond 

•  surface  area 
depth 

•  volume 

54  m- 
1.0  m 
54  m^ 

Performance 

No  data  were  provided  on  the  quality  or  quantity  of  the  burning  area  storm  water  so 
specific  loading  reductions  cannot  be  calculated. 


Costs 

The  estimated  capital  cost  for  the  proposed  system,  presented  in  Table  5,  was  deter- 
mined using  in-house  information. 

The  operating  costs  include  the  cost  for  transferring  the  accumulated  storm  water  from 
the  simjp  to  the  onsite  evaporation  pond.  This  amounts  to  approximately  $1,000 
($1991)  each  year  for  the  required  labour,  based  on  the  assumption  that  ETI  already 
has  vacuum  trucks,  and  that  the  storm  water  would  required  transfer  approximately 
once  every  five  days. 

Since  the  quality  of  the  storm  water  collected  from  the  burning  pad  is  unknown,  the 
sludge  removal  requirements  from  the  evaporation  pond  can  not  be  determined. 


5.0  SUMMARY  OF  BAT  OPTIONS 

Table  6  presents  a  simimary  of  costs  and  performance  of  the  BAT  Options  recom- 
mended for  ETI. 
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Table  5 
1                       Estimated  Capital  Cost  of  Bermed  Burning  Area  for  LU 

Component 

Cost  ($1991) 

Burning  Pad 

•            (includes  reinforced  concrete,  excavation,  fire  bricks,  immobiliration,  in- 
surance/bonding and  landscaping) 

33,600 

Storm  Water  Collection  Sump 

•            (includes  concrete,  excavation,  insulation,  immobilization,  insur- 
ance/bonding, landscaping  and  connecting  drain) 

1,056 

Evaporation  Pond 

•            (includes  excavation,  clearing/grubbing,  clay  lining,  rip-rap,  geotextile, 
berms,  immobilization,  landscaping,  insurance/bonding) 

49,500 

Total 

•             (includes  35%  installation,  30%  estimating  contingency,  15%  engineering 
and  7%  G^.T,  ENR  Ca^  6343) 

162,000 

Table  6 
Summary  of  Cost  and  Performance  of  BAT  Options  for  L'l'l 

Component 

Estimated  ResuU 

BAT  OpUoBS  1,  2  and  3 

BAT  Options  4  and  5 

Cost 

Capital  ($1991)^ 
Operating  ($1991)^ 

0 
0 

162,000 
1,000 

Performance 

No  change 

Unknown^ 

Notes: 

1.              Bav-ri  on  ENR  CCI  6343^. 
1  2.              Storm  water  from  bumiog  area  and/or  once  through  cooling  water  not  sampled  directly  in  MISA  Monitoring 
1                   Regulation  program. 

6.0 


OTHER  WATER  MANAGEMENT  ISSUES 


Process  wastewater  is  currently  discharged  into  an  unlined  evaporation  pond  of  native 
materials,  without  berms.  The  pond  may  contain  a  large  variety  of  contaminants  used 
in  the  production  of  water  gel  explosives  as  presented  in  Table  7. 


Engineering  News  Record  Construction  Cost  Index. 
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Table  7 

Possible  Contaminants  In  the  L'll  Evaporation  Pond 

Water  Gel  Explosives  Ingrédients                                                         | 

>            monomethylamine 

•            starch 

'           monomethylamine  nitrate 

'           iron  oxide 

>            ammonium  nitrate 

glycol 

•            sodium  nitrate 

fumaric  add 

calcium  nitrate 

Tyzor™ 

aluminum 

DW-S"™ 

guar 

Dextrine"™ 

perlite 

Bardac"™ 

rubber 

Dayglo"™ 

•           glass/ceramic  bubbles 

Percol'^ 

The  risk  of  environmental  contamination  cannot  be  defined  without  groundwater  or  soil 
contamination  testing.  A  comprehensive  study  of  groundwater  and  soil  contamination 
would  involve  sampling  and  analysis  sufficient  to  assess  the  entire  pond  area  as  well  as 
the  contaminants  of  concern.  Typically,  such  a  study  would  cost  approximately  $50,000. 
The  current  accepted  practice  for  wastewater  pond  systems  incorporate  virtually  imper- 
meable pond  linings,  as  well  as  berms,  to  protect  the  surrounding  enviroimnent  from  the 
pond  contents  (Ref.  5).  Lining  and  provision  of  berms  on  the  existing  pond  at  ETI 
should  be  included  in  a  comprehensive  wastewater  management  plan  for  the  site. 
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Table  A1.  EXPLOSIVES  TECHNOLOGIES  INTERNATIONAL 
Summary  of  Priority  One  Pollutants,  Row  data  and  Toxicity  Data 

MISA  Control  Point,  OT0100 

Description:Once  through  non-contact 

Contaminant 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loading 
(kg/d) 

Miramum 

Maximum 

Mean 

Row 

m3/d 

194 

2160 

885- 

Total  Suspended  Solids 

mg/L 

4.2 

33 

11.8 

13.5 

Specific  Conductance 

uS/cm 

130 

670 

274 

DOC 

mg/L 

4.6 

11 

6.76 

5.46 

TOC 

mg/L 

5 

8.4 

6.73 

8.66 

Oil  and  Grease 

mg/L 

0.96 

.     4.5 

1.49 

1.28 

Amnrwnia  plus  Ammonium 

mg/L 

0.028 

10.6 

4.16 

4.75 

Nitrate  and  Nitrite 

mg/L 

1.27 

53 

9.91 

13.6 

Total  Kjeldahi  Nitrogen 

mg/L 

0.2 

8.5 

5.18 

4.43 

Total  Phosphorus 

mgA. 

0.69 

0.63 

0.162 

0.116 

Aluminum 

ug/L 

160 

4600 

1320 

1.2 

Strontium 

ug/L 

36 

70 

54.5 

0.048 

Zinc 

ug/L 

4 

110 

36.8 

0.042 

Table  A2 

Summary  of  Acute  Lethality  Data  Covering  from  Dec  1989  to  May  1990 

for  Explosives  Technologies  International  (LTl) 

Test  Species 

Number  of 
Samples 

Range  of  Data 

Number  of  Non- 
Lethal  Samples 

Rainbow  trout 

2 

all  non-lethal 

2 

Daphnia  magna 

2 

>  100  %  to  non-lethal 

1 

uiiuoos  uiiuoov 


ETI 

North  Bay 


CONCEKTRATKDNS 

LOADINGS  kg/d 

ATG 

PARAMETER 

RMDL 

UNIT 

OT0100 

OT0100 

c 

Total  suspended  sofids 

5 

mg/L 

11.8 

13.5 

c 

Hydrogen  ion  (pH) 

7.29 

c 

Specific  conductance 

uS/cm 

274 

c 

DOC 

0.5 

mg/L 

6.76 

5.46 

c 

TOC 

5 

mg/L 

6.73 

8.66 

c 

Oil  and  grease 

1 

mg/L 

1.49 

1.28 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

4.46 

3.87 

c 

Nitrate  +  Nitrite 

0.25 

mg/L 

9.38 

10.4 

c 

TotaJ  Kjeldahl  nitrogen 

0.5 

mg/L 

5,18 

4.43 

c 

TotaJ  phosphorus 

0.1 

mg/L 

0.162 

0.117 

09 

Aluminum 

30 

ug/L 

1320 

1.2 

09 

Strontium 

20 

ug/L 

54.5 

0.048 

09 

Zinc 

10 

ug/L 

36.8 

0.042 

98 

Ftflow 

m3/d 

885 

Notes: 


OT0100  is  the  effluent  stream  "Discharge  at  Weir*  and  this  flows  to  Lake  Nipissing. 


APPENDIX  9 
Exolon  ESK  Company  of  Canada  Ltd. 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

EXOLON  ESK  COMPANY  OF  CANADA  LTD. 


1.0  PLANT  DESCRIPTION 

Exolon  ESK,  in  Thorold,  produces  fused  aluminum  oxide  abrasives.  Molten  aluminum 
oxide  is  formed  in  an  electric  arc  furnace  through  the  melting  of  bauxite,  coke  and  iron 
borings.  The  molten  product  is  poured,  cooled  and  solidified  prior  to  crushing,  grinding 
and  the  size  classification  required  for  sale  of  the  product.  By-product  ferro-silicon  is 
periodically  poured  from  the  furnace  and  is  also  solidified,  crushed  and  sold  when  mar- 
kets exist. 

The  process  involves  contact  cooling  water  which  is  drawn  from  an  unused  section  of 
the  Welland  Canal  known  as  the  Third  Welland  Canal  Raceway. 

Details  on  plant  production  processes  and  wastewater  management  are  provided  in  the 
site  visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

Contact  cooling  water  is  the  only  process  effluent  generated  in  the  production  of 
aluminum  oxide  abrasives  at  this  plant.  Non-process  related  effluents  consist  entirely  of 
storm  water  collected  from  the  plant  site. 

Contact  cooling  water  is  combined  with  some  of  the  storm  water  flows  from  the  plant 
site  prior  to  passing  through  a  compartmentalized  concrete  settling  basin.  The  remain- 
der of  storm  water  flows  combine  with  the  discharge  from  this  settling  basin.  This 
combined  stream  was  monitored  during  the  MISA  Monitoring  Regulation  as  Control 
Point  COOIOO.  No  other  monitoring  of  storm  water  or  intake  water  was  conducted. 

2.2  Wastewater  Flows  and  Quality 

Table  Al  in  the  Appendix  presents  average,  maximxmi  and  minimum  flow  and  concen- 
tration data  as  well  as  average  daily  loadings  for  those  contaminants  defined  by  the 
Ministry  of  the  Environment  as  "Priority  1"  for  MISA  Control  Point  COOIOO. 
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3.0        RATIONAL  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  five  BAT  options  for  wastewater  manage- 
ment, with  the  exception  of  storm  water  runoff\  were  considered  for  each  Ontario 
Inorganic  Chemical  Sector  plant: 

Option  1         -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  uhimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  discussion. 


BAT  Option  I 

Toxicity  data  collected  and  compiled  for  the  first  six  months  of  the  MISA  monitoring 
period  by  the  Ministry  of  the  Enviroimaent  are  presented  in  Table  A2.  Six  tests  on 
rainbow  trout  and  Daphnia  magna  were  carried  out  on  samples  collected  at  MISA 
Control  Point  COO  100.  In  five  of  six  tests  on  rainbow  trout  and  four  of  six  tests  on 


Storm  water  runoff  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct  a  Storm 
Water  Control  Study  at  each  site. 
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Daphnia  magna,  no  deaths  occurred.  The  lethal  concentrations  ranged  from  >  100%  to 
non-lethal. 

These  toxicity  results  indicate  that  effluent  at  COOIOO  is  non-lethaJ  to  the  test  species  in 
a  large  majority  of  cases.  Therefore,  no  change  to  the  existing  system  is  recommended 
for  BAT  Option  1.  There  is  insufficient  information  to  evaluate  the  cause  of  the  three 
lethal  results.  Further  testing  to  confirm  toxicity,  and  if  required,  a  toxicity  reduction 
study,  would  be  recommended  to  achieve  non-lethality  on  a  continuing  basis. 


BAT  Option  2 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  BAT,  BPT  and 
effluent  limitations  were  not  defined  for  the  abrasives  manufacturing  sub-category. 
Furthermore,  a  search  for  "sister"  abrasives  plants  in  the  U.S.  found  that  technologies 
for  wastewater  control  more  advanced  than  those  existing  in  Ontario  were  not  used 
(Ref.  2).  Thus,  a  BAT  Option  2  was  not  defined. 


BAT  Option  3 

Four  abrasives  manufacturing  plants  are  included  in  the  Ontario  Inorganic  Chemical 
Sector.  All  of  these  plants  incorporate  settling  and  recycle  of  contact  cooling  water 
with  discharge  of  overflows.  Table  1  presents  a  comparison  of  major  process  related 
contaminants  discharged  from  the  four  plants.  Exolon's  effluent  compares  favourably 
to  other  abrasives  plants,  especially  with  regard  to  oil  and  grease,  which  was  not 
detected  frequently  enough  to  be  considered  a  "Priority  1"  parameter. 

Since  more  advanced  technologies  are  not  being  used  for  wastewater  control  at  any 
Ontario  plant,  BAT  Option  3  is  the  existing  wastewater  system  at  Exolon  ESK. 


BAT  Option  4 

Careful  review  of  the  process  and  quality  of  effluents  (Table  Al)  at  the  plant  indicated 
that  a  number  of  contaminants  including  DOC,  TOC,  total  phosphorus,  aluminum, 
copper,  strontium,  chloride  and  sulphate  are  present  at  levels  which  are  consistent  with 
surface  water  quality  in  Ontario.  Technologies  for  the  removal  of  these  low  levels  of 
contaminants  may  be  available  and  have  been  used  in  specific  applications  (e.g.  drink- 
ing water  treatment).  However,  an  exhaustive,  global  search  carried  out  as  part  of  this 
study  did  not  identify  practical  applications  of  these  technologies  to  treating  industrial 
wastewater  effluents  with  similar  contaminant  concentrations. 
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Table  1                                                            II 
Comparison  of  Effluents  from  Four  Ontario  Abrasives  Plants  ^'^               | 

Paninetcr 

EnlanRSK 
Compuqr  of 

NortoB  Aànaeei 
Ceramics  of 
Canada  lac^ 

Washington  Mins 

WaUilnstoB  Mm»     1 
Elcctn»-Miocrali      | 
Corp.* 

Flow  (m^/d) 

9,440 

7,430 

1.988 

17310 

TSS 

mg/L 
kg/d 

19 

185 

17 
123 

20 

41 

5.2 
94 

Aluminum 

Hg/L 
Icg/d 

2S0 

Z7 

1,433 
10.7 

68 
0.14 

159 

OU&Gnasc 

mg/L 
kg/d 

n.p.' 

11.5 

6.1 

1Z2 

1J2 
20.7 

Notes: 

1.              Average  Qows  and  loadings,  and  mean  concentrations  measured  over  12  months  of  MISA  Monitoring  Regu- 
lation period. 

Z               Contaminant  loads  are  not  directly  comparable  and  should  be  based  on  production  rates.   Production  rates 
were  unavailable  for  most  plants. 

3.  Measured  at  Control  Point  COOIOO  at  Exolon  ESK. 

4.  Measured  at  Control  Point  CO0200,  CO0300  and  CO0400  at  Norton. 

5.  Measured  at  Control  Point  COOIOO  at  Washington  Mills  Ltd. 

6.  Measured  at  Control  Pomt  COOIOO  and  CO0200  at  Washington  Mills  Electro-Minerals. 

7.  Oil  and  grease  not  a  "Priority  1"  parameter  at  Ejtolon  ESK. 

Total  suspended  solids  levels  average  19  mg/L  with  a  peak  of  122  mg/L  (Table  Al). 
The  source  of  these  solids  is  not  clear  since  data  on  intake  water  quality  were  not  avail- 
able and  since  settling  basin  effluent  is  combined  with  untreated  storm  water  prior  to 
MISA  Control  Point  COOIOO  and  discharge. 

Two  factors  support  the  contention  that  these  solids  do  not  have  their  soiu^ce  in  the 
process.  Firstly,  all  process  wastewater  (i.e.  contact  cooling  water)  is  treated  in  the  set- 
tling basin  and  a  substantial  amount  of  material  consisting  largely  of  bauxite,  is 
recovered  for  reuse.  These  solids  appear  to  be  readily  settled  in  the  existing  settling 
basin.  Secondly,  aluminum  levels  in  the  effluent  are  low,  averaging  280  jig/L,  suggesting 
that  the  TSS  present  is  not  made  up  of  process  raw  materials  or  products. 


Further  study  may  be  required  to  confirm  that  the  existing  settling  basin  is  functioning 
adequately.  This  would  require  data  on  the  flowrate  and  TSS  levels  leaving  the  settling 
basin.  However,  flow  and  concentration  data  at  COOIOO  include  untreated  storm  water 
flows.  Therefore  it  is  not  possible  to  confirm  whether  surface  and  weir  loading  rates 
are  within  normal  operating  ranges  for  primary  settling  units. 
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A  Storm  Water  Management  Study  may  also  be  required  to  confirm  whether  untreated 
storm  water  is  contributing  significantly  to  solids  loadings,  and  to  identify  how  such  a 
sources  may  be  controlled.  Since  some  storm  water  passes  through  the  settling  basin, 
storm  water  source  control  may  also  improve  performance  of  the  settling  basin. 

Total  suspended  solids  data  for  the  intake  water  should  also  be  collected  to  assess 
whether  this  source  contributes  significantly  to  effluent  loadings. 

The  only  remaining  contaminant  of  potential  concern  in  Exolon  ESK  effluent  is  sul- 
phide, which  averaged  43  iig/L  during  the  MISA  monitoring  period,  with  a  maximum 
reading  of  60  |j.g/L.  The  exact  source  of  this  contaminant  is  unknown,  but  possibilities 
include: 

•  Release  of  by-product  sulphide  from  silicon  carbide  manufacturing  activ- 
ities now  permanently  shut-down. 

•  Storm  water  contamination  from  onsite  coke  storage. 

Since  process-related  sulphides  are  not  a  problem  at  the  remaining  aluminum  oxide  op- 
erations in  Ontario,  it  would  seem  unlikely  that  these  operations  at  Exolon  ESK  are 
contributing  to  sulphides  loadings.  Therefore,  BAT  Option  4  does  not  include  measu- 
res for  reduction  of  sulphide  loadings. 


BAT  Option  5 

Technologies  that  would  advance  the  plant  further  towards  zero-discharge  of  pollutants 
were  not  identified  in  the  global  search. 

The  plant  already  recycles  cooling  and  storm  water  from  the  settling  basins,  to  minim- 
ize the  amount  of  intake  water  required  and  effluents  discharged.  However,  the  rate  of 
recycle  is  dependent  on  the  temperature  required  for  cooling.  Further  increase  of 
these  rates  would  only  be  possible  with  expanded  equalization  ponds,  to  allow  for 
greater  heat  transfer,  or  more  elaborate  air  cooled  or  refrigerated  systems.  None  of 
these  systems  are  considered  practical  due  to  the  very  large  capital  expenditures,  and 
expansive  land  area  or  electricity  requirements.  Therefore,  these  approaches  to  cooling 
are  not  recommended. 

Zero-discharge  of  contaminants  associated  with  contact  cooling  water  would  result  if 
cooling  water  were  non-contact,  as  would  be  the  case  if,  for  example,  furnace  cooling 
jackets  were  used.  Reports  from  the  abrasives  industry  (Ref.  3)  indicate  that  this  is  not 
a  feasible  approach.  In  aluminum  oxide  abrasives  manufacturing,  by-product  ferro-sili- 
con  and  other  impurities  collect  in  the  bottom  of  thé  furnace.  Periodically,  this 
material  is  super-heated  and  poured  out  of  the  furnace.  This  procedure  requires  con- 
siderably more  heat  than  for  melting  aluminum  oxide,  and  results  in  substantial  damage 
to  the  furnace  refractory  lining  (usually  bricks).  The  cooling  method  currently  used. 
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involving  cascading  water,  is  considered  the  only  way  to  prevent  major  accidents  in 
these  instances.  A  water  cooled  jacket,  for  example,  would  be  severely  damaged  and 
would  not  function  adequately  under  these  circumstances. 

Based  on  the  above  discussion,  BAT  Option  5  is  the  same  as  BAT  Option  4,  since 
feasible  technologies  that  would  advance  the  plant  further  towards  zero-discharge  were 
not  identified. 


Summary 

Table  2  presents  a  summary  of  BAT  Options  defined  for  Exolon  ESK. 


Table  2 
Summary  of  BAT  Options  for  Exolon  ESK 

BAT  OpUon 

DcOnlUoD 

Description 

1 

Least  œst  producing  non-lethal  effluents 

•  No  changes  to  existing  system. 

*  Further  toxidcy  testing  and  possible  toxicity  reduc- 
tion study. 

2 

U.S.  BAT 

•    No  option  defined. 

3 

Best  demoostrated  In  Ontario 

•    No  changes  to  existing  system. 

4 

Maximum  reduction  of  pollutants 

•  No  changes  to  existing  system. 

•  Performance  and  operation  assessment  of  existing 
settling  basin,  including  intake  water  monitoring. 

•  Sulphide  source  study  and  control. 

5 

Funhest  toward  zero-discharge  of  pollu- 
taois 

•    Same  as  BAT  Option  4. 

4.0  INFORMATION  SOURCES 

1.  Inorganic  Chemical  Manufacturing  Sector  Plants,  Site  Visit  Report,  Exolon  ESK 
Company  of  Canada  Ltd.  March  22,  1991  (unpublished). 

/ 

2.  Telephone  contacts  made  to  U.S.  abrasives  manufacturing  facilities: 

•  George  Tasevski  of  Exolon-ESK  in  Buffalo,  New  York.  August  1991. 

•  Mark  Rollins  of  Norton  Company  in  Worcester,  Massachusetts.  August 
1991. 

•  Dean  Venturine  of  Washington  Mills,  Niagara  Falls,  New  York.  August 
1991. 
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Telephone  conversation  with  Rick  Chambers  of  Norton  Advanced  Ceramics, 
Inc.,  July  1991. 
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APPENDIX 
Figures  and  Tables 


Table  A1 ,  Exolon  Esk  Company  of  Canada  Lld,  TTiorold  Rant 
Sutranaiy  of  Flow  and  Priority  One  Pollutants 
MISA  Control  Point:  CO01 00 
Description:  Beaver  Dam  Road 

Cortfaminant 

Units 

Concentration  over  12  Month 
Samplng  Period 

Loading 
(kO/d) 

Minimum 

Maximum 

Mean 

Row 

m3/d 

2981 

14562 

9439.925 

DOC 

mg/L 

0.35 

27 

3.3 

33.246 

TOC 

mg/L 

1 

28,,a\.3.      4 

40.988 

Total  Phosphorus 

mg/L 

0.069 

,«H^. 

r.«. 0.137 

1.386 

Specific  Conductance 

uS/cm 

27$,^W-^-     305 

Total  Suspended  Solids 

mg/L 

^(>^1aW^22 

19 

184.724 

Aluminum 

ug/L 

6^^ 

720 

280 

2.694 

Copper 

ug/L 

1 

32 

9 

0.088 

Strontium 

ug/L 

81 

180 

142 

1.392 

Sulphide 

ug/L 

26 

60 

43 

0.411 

Chloride,  Unfiltered  Reactive 

mg/L 

17 

19 

18 

174.204 

Sulphate,  Unfiltered  Reactive 

FDg/L 

29 

32 

30.5 

295.251 

Table  A2 

Toxicity  Data  for  Exoion  ESK  for  the  First  Six  Months 

of  MISA  Monitoring  Regulation 

Test  Species 

Number  of 
Samples 

Range  of  Lethal  Concen- 
tration Data 

Number  or  Non-Lethal 
Samples 

Rainbow  Trout 
Daphnia  magna 

6 
6 

>  100%  to  non-lethal 
>100%  to  non-lethal 

5 
4 

Exolon-Esk 
Thorold 


CONCENTRATIONS 

LOADS     kg/d 

ATG 

PARAMETER 

RMOL 

UNIT 

CO  0100 

CO  0100 

c 

Total  suspended  sofids 

5 

mg/L 

19 

184 

c 

Hydrogen  ion  (pH) 

8.31 

c 

Specific  conductance 

uS/cm 

303 

c 

DOC 

0.5 

mg/L 

3.3 

33.2 

c 

TOC 

5 

mg/L 

4.03 

41 

c 

Oil  and  grease 

1 

mg/L 

1.07 

10.1 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

0.08 

0.762 

c 

Nitrate+ Nitrite 

0.25 

mg/L 

0.187 

1.76 

c 

Total  Kjeldahl  nitrogen 

0.5 

mg/L 

0.25 

2.44 

c 

Total  phosphorus 

0.1 

mg/L 

0.137 

1.39 

09 

Aluminum 

30 

ug/L 

284 

2.74 

09 

Copper 

10 

ug/L 

9.39 

0.093 

09 

Strontium 

20 

ug/L 

156 

1.5 

14 

Phenolics  (4AAP) 

2 

ug/L 

2 

0.019 

15 

Sulphide 

20 

ug/L 

55 

0.531 

17 

Benzene 

0.5 

ug/L 

0.485 

0.005 

17 

Toluene 

0.5 

ug/L 

1.55 

0.016 

2 

Cyanide  Total 

0.005 

mg/L 

0.004 

0.038 

98 

Ftflow 

m3/d 

9550 

11 

Chloride 

2 

mg/L 

18 

174 

12 

Fluoride 

0.1 

mg/L 

0.15 

1.47 

13 

Sulphate 

5 

mg/L 

30.5 

295 

Notes: 


CO0100  is  the  effluent  stream  '  24"  OutfaD  at  Beaver-dam  Road". 
TTiis  stream  flows  to  Lake  Gibson  and  then  to  Lake  Ontario. 


APPENDIX  10 
General  Chemical  Canada  Ltd. 


ONTARIO  INORGANIC  CHEMICAL  SECTOR 

REPORT  ON  BAT  OPTIONS 

GENERAL  CHEMICAL  CANADA  LTD. 


1.0  PLAIST  DESCRIPTION 

General  Chemical  Canada  Ltd.,  in  Amherstburg,  Ontario  manxifactxorers  soda  ash 
(sodium  carbonate)  and  calcium  chloride  from  natural  formation  sodium  chloride  (salt) 
brine  and  calcium  carbonate  (limestone).  Soda  ash  is  produced  in  the  Solvay  process, 
where  purified  brine  is  ammoniated,  and  carbonated  to  form  sodium  bicarbonate  crys- 
tals, which  are  filtered  and  dried  to  form  the  sodium  carbonate  product.  The  Solvay 
process  yields  a  calcium  chloride  solution  by-product,  which  is  carbonated  to  remove 
excess  lime,  chlorinated  to  oxidize  sulphite  to  sulphate,  evaporated  in  a  three  stage 
evaporation  process,  and  centrifuged  to  remove  crystallized  impurities.  The  strong 
(40%)  calcium  chloride  filtrate  from  the  centrifuge  is  either  sold  as  product,  or  further 
dried  and  flaked. 

Water  from  the  Detroit  River  is  used  at  the  plant  primarily  as  barometric  condenser 
(contact)  cooling  water,  once  through  non-contact  cooling  water  and  air  scrubber  water. 
There  are  other  miscellaneous  smaller  uses  such  as  wash  water. 

Details  on  the  plant  processes,  water  uses  and  wastewater  management  are  presented 
in  the  site  visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

MISA  Control  Point  COOIOO,  which  discharges  at  an  average  rate  of  15,000  m^/d, 
includes  primarily  wastewater  from  the  final  effluent  settling  lagoon,  referred  to  as  the 
soda  ash  settling  basin  (SASB),  in  addition  to  storm  water  fi-om  both  General  Chemical 
and  Allied  Chemicals^  plant  areas. 

The  SASB  receives  wastewater  from  the  following  sotirces: 

•  Soda  ash  process 

process  pump  seal  water 
compressor  lubricating  water 


Allied  Chemicals  Canada  Inc,  which  produces  bydrofluoric  acid  and  chloroQuorocarboiis,  is  located  on  the  same  site 
(Ref.  2). 
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rail  car  wash  water 

distiller  once  through  non-contact  cooling  water 

process  area  spills  and  wash  water 

dryer  wash  water. 

•  Calcium  chloride  process 

primary  settler  sludge 

slurried  salt  from  the  centrifuge 

brine  mud  treatment  tank  overflow 

process  area  wash  water 

diyer  contact  spray  scrub  water 

secondary  settler  sludge 

process  pump  gland  water 

milk  of  lime  tank  building  trench  flushings  and  wash  water. 

•  Boiler  house 

water  filter  backwash  water 
sedimentation  tank  sludge. 

•  Allied  Chemicals  Canada  Inc.  (Ref.  2) 

hydrofluoric  acid  settling  pond  overflows 
Genetron  process  effluents. 

MISA  Control  Point  CO0200,  referred  to  as  the  Main  Drain,  monitored  flows  from  the 
following  sources: 

•  Spent  carbon  dioxide  scrubber  water  and  non-contact  cooling  water  from 
the  soda  ash  process. 

•  Barometric  condenser  contact  cooling  water,  and  once  through  non-con- 
tact cooling  water  from  the  calciimi  chloride  process. 

•  Boiler  blowdown. 

•  Storm  water. 


2J1  Wastewater  Flows  and  Quality 

Tables  Al  and  A2  in  the  Appendix  present  mean,  maximum  and  minimum  data  for 
flows  and  those  contaminants  defined  as  Priority  1  by  the  Ministry  of  the  Environment, 
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at  MISA  Control  Points  COOIOO  and  CO0200.  Table  A3  presents  intake  water  quality 
data  from  the  12  months  of  MISA  monitoring. 


3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  nmoff^,  were  considered  for 
each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2        -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3         -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4         -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  subsections. 

A  global  search  was  carried  out  to  identify  technologies  used  for  pollution  reduction  in 
the  manufacturing  of  soda  ash  using  the  solvay  process.  No  Solvay  processes  other 
than  General  Chemical  are  operating  in  the  U.S.  or  Canada,  and  most  of  the  world's 
Solvay  plants  are  in  Europe  (Ref.  3).  Many  of  these  discharge  to  salt  water  bodies. 


Stonn  water  runoff  quality  limits  will  be  established  separately  under  MISA,  in  coojunctioa  with  a  program  to  conduct 
a  Storm  Water  Control  Study  at  each  site. 
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Only  limited  information  could  be  obtained  from  a  large  European  company  with 
Solvay  plants  in  several  countries.  Information  provided  indicated  that  little  treatment 
beyond  TSS  removal  and  flow  control  are  practised  at  Solvay  plants.  Effluent  limits 
cover  pH,  temperature,  TSS,  total  nitrogen  and  chloride.  Limits  provided  for  three 
European  plants  are  compared  to  General  Chemical's  effluents  in  Table  1.  With  the 
exception  of  pH,  General  Chemical  is  discharging  a  quality  of  effluent  that  exceeded 
requirements  prescribed  by  European  limits.  European  effluent  limits  for  pH,  however, 
are  based  on  final  effluent  discharge  streams  which  have  cooling  water  and  process 
effluent  streams  combined.  This  is  not  the  case  for  General  Chemical,  and  data 
presented  by  the  company  indicates  that  pH  values  would  meet  European  limit  values 
if  their  two  effluent  streams  were  combined  before  final  discharge. 


Table  1 

Comparison  of  General  Chemical  Effluent  Quality  to  Effluent  Limits  at 

European  Solvay  Plants 

Parameter 

General  Chemical  Ef- 
fluent Quality^ 

EfDoent  Limits^ 

Belgiom 

France 

Germany 

pH 

10.9-11.1  (COOIOO) 
7.5-8.9  (CO0200) 

6J-9J 

5J-9J 

- 

Temperature 

- 

<30°C 

<30°C 

- 

TSS 

(mg/L) 

30 

<200 

<50 

Ammonia-N 

(mg/U 
(kgA)3 

3.2 
0.6 

<50 

- 

0.9 

Total  nitrogen 

(mg/L) 

4.5 

<30 

Chloride  ions 

(mg/U 

3,960 

732 

<  10,000 

<250  in  river  downstream 
of  plant 

1,200 

Notes: 

1.  Includes  average  concentrations  and  total  loadings  calculated  firom  12  month  means  measured  at  Control  Points 
COOIOO  and  CO0200. 

2.  Limits  set  for  specific  plant  in  these  countries,  discharging  to  freshwater  receiving  bodies  (ReL  4). 

3.  Kilogram  per  toime  of  soda  ash  produced. 

The  information  retrieved  in  the  global  search  indicates  that  more  advanced  technol- 
ogies for  reduction  of  process  contaminants,  in  particular,  dissolved  solids,  are  not  used 
at  Solvay  plants  worid-wide.  Therefore,  in  order  to  define  BAT  Options,  technologies 
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used  in  other  industry  sectors  used  for  management  of  wastewaters  similar  in  quality  to 
those  at  General  Chemical  were  considered. 


3.1  BAT  Option  1 

Toxicity  data  collected,  compiled  and  verified  by  the  Ministry  of  the  Enviroimient  for 
the  first  six  months  of  monitoring  are  presented  in  Table  A4.  Six  tests  on  rainbow 
trout  and  six  tests  on  Daphnia  magna  were  carried  out  on  samples  from  the  North 
Drain  (COOIOO)  and  Main  Drain  (CO0200). 

Samples  from  CO0200  were  essentially  non-lethal,  with  only  one  of  six  tests  resulting  in 
lethal  concentrations  <100%.  Based  on  these  results,  no  changes  to  the  existing  system 
are  recommended  for  discharges  through  Control  Point  CO0200.  However,  the  cause 
of  lethal  results  for  one  sample  is  unknown,  and  continued  sampling  followed  by  a  toxi- 
city reduction  study,  if  necessary,  are  recommended  to  ensure  non-lethality 

Lethal  concentrations  of  samples  from  COOIOO  to  both  of  the  test  species  ranged  from 
19  to  42  percent  for  rainbow  trout,  and  6  to  9  percent  for  Daphnia  magna.  Although 
several  low  levels  of  contaminants  are  present  in  effluents  monitored  at  COOIOO,  the 
most  obvious  source  of  toxicity  is  total  dissolved  solids,  including  chloride  at  five  per- 
cent concentrations.  Methods  for  total  dissolved  solids  reduction  in  wastewater  include 
deep  well  injection  and  treatment  for  total  dissolved  solids  removal.  The  feasibility  of 
deep  well  injection  of  the  soda  settling  basin  effluents  must  be  based  on  a  detailed 
review  of  the  geological  characteristics  of  injection  area.  Since  this  information  is  not 
available,  this  technology  was  not  considered  further  under  BAT  Option  1. 

Treatment  methods  for  TDS  removal  include  evaporation,  membrane  processes,  and 
electrodialysis.  Brine  concentration,  using  vapour  compression  evaporators,  has  been 
widely  used  to  concentrate  effluents,  in  the  treatment  of  cooling  tower  blowdown  and 
other  concentrated  TDS  streams  in  the  electric  power  generating  industry.  This  process 
produces  a  concentrated  effluent  that  can  be  recovered  or  disposed,  or  further  concen- 
trated by  crystallization  or  spray  drying  to  produce  a  solid  for  disposal.  The  resulting 
high  quality  condensate  can  be  reused  in  the  plant,  as  boiler  make-up,  or  for  other 
uses,  without  requiring  additional  treatment.  Brine  concentration  is  recommended 
under  BAT  Option  1  to  produce  a  non-lethal  discharge  from  MISA  Control  Point 
COOIOO. 


32  BAT  Option  2 

Under  40  CFR,  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  effluent  limits  were 
not  defined  for  soda  ash  production  plants  using  the  Solvay  processes.  At  the  time  of 
U.S.  BAT  limits  regulations  development  in  the  1980s,  only  one  plant  in  the  U.S.  was 
producing  soda  ash  using  the  Solvay  process,  and  it  was  considered  inappropriate  to 
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write  regulations  for  this  sub-category  (Ref.  5).  This  plant  has  since  pennanently 
ceased  operation.  U.S.  BAT  was  not  defined  for  the  production  of  calcium  chloride. 

A  BAT  Option  2  is  not  defined  for  General  Chemical. 

33  BAT  Option  3 

BAT  Option  3  is  defined  as  the  existing  process  at  General  Chemical,  since  no  other 
sodiimi  carbonate  or  calcium  chloride  production  plants  are  existing  in  Ontario. 

3.4  BAT  Option  4 

BAT  Option  4  includes  technologies  that  provide  the  maximum  reduction  of  pollutants 
from  wastewater  discharges. 

3.4.1  North  Drain  Eflluents  COOIOO 

Maximimi  reduction  of  total  dissolved  solids  from  the  effluent  stream  measured  at 
COOIOO  will  provide  a  high  level  of  removal  of  all  non-volatile  components  fi-om  the 
effluents,  including: 

nitrate  and  nitrite 

phosphorus 

TSS 

metals  (except  mercury) 

extractable  trace  organics  and  dioxin. 

These  contaminants  would  be  transferred  to  the  residual  concentrated  solids  stream. 

Removal  of  these  contaminants  upstream  of  the  evaporation/drying  process,  to  avoid 
transfer  to  the  solid  waste  residual,  is  not  recommended  under  BAT  Option  4  for  the 
following  reasons: 

•  Removal  of  metals,  phosphorus  and  TSS  would  produce  a  residual  con- 
taining these  pollutants  that  would  reqiiire  disposal.  Therefore,  there  is 
no  advantage  to  an  additional  treatment  step. 

•  Extractable  trace  organics  and  dioxins  are  not  contaminants  that  appear 
to  be  related  to  processes  at  General  Chemical.  They  likely  originate 
from  Allied  Chemicals.  Removal  of  trace  organics  and  dioxins  originating 
in  Allied  Chemical's  chlorofluorocarbon  plant  is  addressed  under  BAT 
Options  for  Allied  Chemicals  (Ref.  6). 
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The  evaporation  process  is  recommended  for  the  North  Drain  effluents  monitored  at 
Control  Point  COOIOO,  under  BAT  Option  4.  The  liquid  effluent  stream  from  the 
process  will  contain  the  following  contaminants: 

•  cyanide 

•  mercury 

•  volatile  organic  compounds 

•  ammonia 

The  sources  of  mercury  and  cyanide  in  effluents  are  unknown;  however,  a  review  of 
materials  used  at  General  Chemical  and  Allied  Chemicals  did  not  suggest  that  the  plant 
operation  is  a  source  of  these  contaminants.  A  pollution  prevention  approach,  invol- 
ving an  audit  of  pollutant  sources  and  implementation  of  appropriate  sources  controls, 
is  recommended  for  reduction  of  cyanide  and  mercury.  Since  low  levels  of  cyanide  and 
mercury  were  measured  in  all  effluent  streams  discharged  from  General  Chemical  and 
Allied  Chemicals,  it  is  likely  that  these  pollutants  are  contributed  from  storm  water,  and 
therefore,  the  main  focus  of  the  audit  should  be  within  a  Storm  Water  Control  Study. 
Demonstrated  technologies  for  removal  of  cyanide  and  mercury  at  the  dilute  con- 
centrations present  in  General  Chemical  effluents  were  not  identified  in  a  global 
search. 

The  MISA  monitoring  data  from  Allied  Chemicals  effluents,  coupled  with  a  knowledge 
of  the  General  Chemical  process,  indicates  that  volatile  organics  present  at  MISA  Con- 
trol Point  COOIOO  were  most  likely  contributed  from  Allied  Chemicals.  Methods  for 
the  reduction  of  these  pollutants  in  Allied  Chemicals  effluent  streams  are  addressed  in 
the  Report  on  BAT  Options  (Ref.  6),  and  no  recommendations  are  made  with  respect 
to  these  contaminants  in  this  report. 

Ammonia  present  in  effluents  is  likely  originating  from  the  soda  ash  plant,  where  am- 
monia is  used  to  enhance  carbonation  of  pure  brine.  Ammonia  is  distilled  from  the 
effluent  stream,  and  recycled  back  to  the  process.  However,  trace  amoimts  of  am- 
monia remain  in  effluents,  which  ultimately  reach  the  soda  ash  settling  basin  after  fur- 
ther processing  in  the  calcium  chloride  plant.  The  efficiency  of  the  distillation  process, 
and  therefore,  the  treatability  of  this  stream  for  further  ammonia  reduction,  are 
unknown.  Therefore,  in-plant  treatment  for  reducing  ammonia  levels  carmot  be  identi- 
fied. Treatment  technologies  for  removal  of  ammonia  at  these  levels  (4  mg/L)  iden- 
tified in  a  global  search  include  ion  exchange  and  breakpoint  chlorination.  Because  of 
operating  problems  associated  with  each  of  these  processes,  neither  was  recommended 
for  treating  this  stream  at  General  Chemical.  Therefore,  no  additional  processes  for 
ammonia  removal  are  recommended  under  BAT  Option  4. 

Based  on  the  above  discussion,  BAT  Option  4  for  discharges  monitored  at  MISA  Con- 
trol Point  COOIOO  includes  evaporation  of  the  stream,  reuse  of  the  evaporator  conden- 
sate for  supplementing  intake  water  used  at  the  plant,  and  disposal  or  sale  of  concen- 
trated TDS  wastes. 


TOR/INORG3/990^1 


3.42  Main  Drain  Effluents  -  CO0200 

The  Main  Drain  effluent  is  primarily  made  up  of  barometric  condenser  contact  cooling 
water,  water  treatment  residual  streams  and  once  through  cooling  water,  in  addition  to 
storm  water. 

Several  contaminants  in  this  stream,  including  TSS,  nitrate,  TKN,  phosphorus, 
aluminum,  copper,  strontium,  octochlorodibenzo-dioxin,  oil  and  grease,  fluoride  and 
sulphate,  were  not  present  in  effluents  at  levels  significantly  different  from  the  intake 
water  concentrations.  This  indicates  that  contamination  is  not  introduced  in  the  pro- 
cess. 

Technologies  for  the  removal  of  low  levels  of  contaminants  contributed  in  raw  water 
present  in  these  effluents  may  be  available  and  have  been  used  in  specific  non-indus- 
trial applications  (e.g.  drinking  water  treatment).  However,  an  exhaustive,  global 
search  carried  out  as  part  of  this  study  did  not  identify  practical  applications  of  these 
technologies  to  treating  industrial  wastewater  effluents  with  similar  contaminant  concen- 
trations. Thus,  BAT  Option  4  does  not  include  technologies  for  removal  of  these 
contaminants. 

In  addition,  low  levels  of  chloride  present  in  effluents  at  CO0200  were  contributed  from 
the  plant.  However,  at  the  average  levels  in  effluents  of  99  mg/L,  practical  treatment 
technologies  for  removal  of  this  contaminant  were  not  identified. 

Low  levels  of  cyanide,  mercury,  sulphide,  and  furan  compounds,  present  at  Control 
Point  CO0200,  were  also  detected  at  COO  100.  Since  these  compounds  do  not  appear 
to  be  process  related,  one  probable  source  is  contaminated  storm  water  runoff  from 
either  General  Chemical  or  the  Allied  Chemicals  property.  The  sources  of  these 
contaminants  should  be  investigated  as  part  of  a  Storm  Water  Control  Study. 

Some  ammonia  in  the  effluent  monitored  at  CO0200  may  be  contributed  from  the 
barometric  condenser  stream^.  However,  calculated  levels  in  this  stream  would 
average  <4  mg/L,  and  feasible  technologies  for  ammonia  removal  at  these  levels  were 
not  identified. 

Replacing  the  barometric  condenser  with  a  surface  contact  condenser  has  been  shown 
to  be  an  effective  process  for  condensing  process  vapours  generated  in  the  manufacture 
of  ammonia  (Ref.  7).  Rather  than  producing  a  large,  dilute  contaminated  stream  a 
non-contact  cooling  water  stream  and  concentrated  residual  stream  result. 


The  plant  reports  that  less  than  20  percent  of  the  ammonia  at  CO0200  is  actually  contributed  from  the  barometric 
condemcr  condensate.  This  information  was  unavailable  at  the  time  of  report  preparation,  and  it  was  assumed  that  the  conden- 
sate was  the  main  ammonia  source. 
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Implementation  of  surface  condensers  were  included  in  BAT  Option  4  to  replace  Gen- 
eral Chemicals  barometric  condensers.  Based  on  information  provided  by  General 
Chemical  (Ref.  9)  and  the  MISA  monitoring  data,  a  200  m^/d  condensate  stream  with 
a  mean  ammonia  concentration  of  299  mg/L  will  be  produced  in  addition  to  about 
130,000  m^/d  of  once  through  cooling  water.  Therefore,  ammonia  removal  would  also 
be  required  for  this  stream. 

Demonstrated  technologies  for  removal  of  ammonia  at  this  level  include  steam  strip- 
ping and  biological  nitrogen  removal.  In  this  case,  steam  stripping  is  the  preferred 
alternative,  because  the  concentrated  ammoniated  vapours  could  be  condensed  and 
recovered  for  reuse  in  the  calcium  chloride  process.  Based  in  information  provided  in 
Section  4,  greater  than  10  mg/L  of  ammonia  would  remain  in  steam  stripper  effluents. 

Technologies  have  been  identified  and  are  available  for  further  reduction  of  ammonia 
from  this  stream.  However,  if  this  stream  were  added  to  the  soda  ash  settling  basin, 
ammonia  levels  in  basin  effluents  would  not  increase  significantly.  Furthermore,  under 
recommended  BAT  Option  4,  this  stream  would  not  be  discharged.  Thus,  rerouting  of 
the  treated  surface  condenser  condensate  stream  to  the  soda  ash  settling  basin  is 
recommended  under  BAT  Option  4. 


3.5  BAT  Option  5 

BAT  Option  5  incorporates  those  technologies  that  would  move  the  plant  furthest 
toward  zero  discharge.  For  this  Option,  technologies  were  not  identified  beyond  those 
presented  in  Option  4. 

TDS  removal  from  effluents  measured  at  COOIOO  will  produce  an  high  quality  effluent 
that  can  be  used  to  supplement  intake  water  requirements.  Therefore,  zero-discharge 
of  this  stream  will  be  achieved. 

Technologies  for  the  elimination  of  contact  discharges  from  the  barometric  condenser 
which  pass  through  Control  Point  CO0200  were  identified  in  BAT  Option  4.  Methods 
for  reducing  once  through  cooling  water  were  not  identified.  Cooling  water  provided 
by  once  through  or  recirculating  cooling  tower  systems  are  invariably  used  to  cool  pro- 
cess equipment  in  all  manufacturing  sectors.  Other  cooling  methods,  such  closed-loop 
air  cooled  systems,  would  required  very  large  capital  expenditures  and  land  area  for 
expansive  heat  exchange  equipment  requirements,  and  may  not  be  effective  in  warmer 
months  in  Ontario.  Thus,  this  approach  to  cooling  is  not  recommended.  And  finally, 
opportunities  for  consumption  of  once  through  cooling  water  do  not  appear  to  exist  at 
the  plant. 
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3.6 


Summaiy 


Table  2  presents  as  summary  of  BAT  Options  recommended  for  General  Chemical 
Canada  Ltd. 


Table  2 
Summary  of  BAT  Options  for  General  Chemical  Canada 

BATOptioa 

Oeflnltioo 

Description 

1 

Least  cost  produdog  ooo- 
leihal  effluents 

•  TDS  removal  from  COOIOO  efflueûts  using  multi-effect  evaporator. 

•  No  change  to  the  existing  system  for  C00200  efHuents. 

•  Confirmation  of  non-lethality,  and  if  necessary,  a  toxidty  reduction 
study  at  CO0200. 

2 

U.S.  BAT 

•  Not  defmed. 

3 

Best  demonstrated  in  Ontario 

•  No  change  to  odsting  system. 

4 

Provides  manmum  pollution 
reduction 

•  TDS  removal  from  COOIOO  efDuents  using  multi-effect  evaporator. 

•  Repladng  barometric  condensers  with  surface  condensers. 

•  Steam  stripping  surface  condenser  condensate  stream  for  ammonia 
recuvery  and  transferring  eCDuent  to  soda  ash  settling  basin. 

•  Condensing  steam  stripper  vapours  for  reuse  in  process. 

' 

Furthest  toward  zero-dis- 
charges of  pollutants 

•  Some  as  BAT  Option  4. 

4.0 


BAT  OPTIONS 


The  projected  performance  and  costs  associated  with  implementation  of  BAT  Options 
1,  4  and  5  are  presented  in  the  following  subsections.  A  BAT  Option  2  was  not 
defined,  and  BAT  Option  3  does  not  include  any  changes  to  the  existing  system  at  Gen- 
eral Chemical. 


4.1  BAT  Option  1 

Description 

BAT  Option  1  includes  technologies  for  removal  of  TDS  from  effluents  monitored  at 
the  North  Drain,  Control  Point  COOIOO,  which  primarily  consist  of  the  soda  ash  settling 
basin  effluents. 

Removal  of  the  total  dissolved  solids,  particularly  chloride,  from  these  effluents  can  be 
achieved  with  the  implementation  of  a  six  effect  evaporator  (brine  concentrator).  This 
technology  is  described  in  the  General  Technology  report  (Ref.  8).  At  a  conceptual 
design  level,  it  is  believed  that  this  process  is  capable  of  achieving  a  60  percent  TDS 
concentrated  residue  stream  (Ref.  9).  Based  on  the  data  presented  in  Table  3,  this 


10 


TORyiNORG3/990.51 


would  result  in  a  recovery  of  86  percent  of  the  stream  volume  available  for  reuse  in  the 
plant. 


Table  3 
Performance  Efficiency  Projected  for  Brine  Concentrator 

Paruneler 

Valae 

Currenl  concentration  measured  at  COOIOO 

Z8%Caa2 

33%  NaCI 

1.2%  other  Q 

Current  flow  rate 

15,000  m^/d 

Projected  concentration  of  VCE^  residue  stream 

60%  TDS  (including  Caa2, 
NaQ,  etc.) 

Projected  volume  of  VCE    residue  stream 

1,800  m^/d 

Projected  volume  of  VCE    effluent  stream 

13,200  m^/d 

Projeaed  recovery 

86% 

Quality  of  residue  stream 

23%Caa2 

28%  NaQ 

9%  other  chlorides 

Notes; 

1.  Mean  12  month  data  from  MISA  Control  Point  COOIOO. 

2.  Vapour  compression  evaporator. 

The  residue  stream  would  be  made  up  of  both  calcium  chloride  and  sodium  chloride 
salts.  The  minimum  cost  option  would  involve  identification  of  a  market  for  this  resi- 
due stream,  as  is.  Alternatively,  the  stream  could  be  returned  to  the  continuous  centri- 
fuge in  the  calcium  chloride  process,  to  remove  the  sodium  chloride  and  other  salt  im- 
purities in  the  manufacture  of  calciimi  chloride.  In  this  case,  an  additional  estimated  50 
to  80  percent  capacity  would  be  reqxiired  to  handle  this  stream.  If  this  is  not  currently 
available,  then  expansion  of  the  continuous  centrifuge,  bell  settler  and  product  storage 
lagoons  may  be  required.  In  addition,  markets  would  need  to  be  identified  for  the 
additional  153,000  tormes  (44  percent)  of  calcium  chloride  generated  annually,  com- 
pared to  current  production  rates. 

If  markets  are  imavailable  for  the  residue  stream,  then  disposal  would  be  required. 
Because  calcium  chloride  does  not  crystallize  well,  crystallization  of  the  stream  for  fur- 
ther volume  reduction  is  not  recormnended.  Furthermore,  spray  drying  of  streams  of 
this  volume  is  not  considered  economically  feasible  (Ref.  9).  Disposal  of  the  liquid. 
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concentrated  salt  stream  by  liquid  waste  haulers  would  be  the  only  alternative.  How- 
ever, because  this  alternative  would  incur  annual  disposal  costs  exceeding  $230  mil- 
lion"*, the  feasibility  of  implementing  TDS  removal  is  unlikely  unless  the  residual 
stream  can  be  processed  for  sale  or  sold  as  is. 


Performance 

Implementation  of  TDS  on  the  wastewater  stream  monitored  at  MISA  Control  Point 
COOIOO  win  eliminate  discharges  through  this  point,  since  treated  effluent  will  supple- 
ment intake  water  to  the  plant.  Depending  on  where  the  water  is  reused,  a  portion 
may  be  discharged  through  Control  Point  CO0200.  Table  4  presents  the  projected  per- 
formance of  selected  parameters  resulting  from  implementation  of  this  option. 


Table  4 
Projected  Performance  Resulting  from  Implementation  of  the  Brine  Concentrator 

at  COOIOO^ 

Paiamcter 

Current  Quality  at  COOIOO^ 

Projected  Quality  at  COOIOO 

Loading  Reduction 

Flow 

(m^/d) 

15.000 

0.0 

100% 

Cyanide 

(kg/d) 
(mg/L) 

0.103 
0.007 

0.0 
0.0 

100% 

TSS 

(kg/d) 
(mgA.) 

dSO 
44 

0.0 
0.0 

100% 

Strontium 

(kg/d) 
(tig/L) 

79.9 
4,910 

0.0 
0.0 

100% 

Chloride 

(kg/d) 
(mg/L) 

771,000 
50,000 

0.0 
0.0 

100% 

Fluoride 

(kg/d) 
(mg/L) 

33.6 

22 

0.0 
0.0 

100% 

Solpbate 

(kg/d) 
(mg/L) 

17,600 
1.150 

0.0 
0.0 

100% 

Notes: 

1.              Data  presented  for  selected  parameters. 

Z.             Mean  data  for  12  month  MISA  monitoring  at  Control  Point  COOIOO. 

Based  on  S3S0/m    disposal  costs. 
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Costs 

Costs  were  estimated  for  implementation  of  the  brine  concentrator  to  remove  TDS  in 
effluents  from  COOIOO.  A  marketing  evaluation  is  necessary  to  determine  if  markets 
are  available  for  the  evaporator  residue  stream  or  the  additional  quantity  of  calcium 
chloride  that  would  be  generated  by  reusing  this  stream  in  the  process.  Thus,  costs  for 
these  options  were  not  estimated  within  the  scope  of  this  study. 

Table  5  presents  capital  costs  and  estimated  operating  costs  for  implementation  of  the 
brine  concentrator.  The  system  will  cost  an  estimated  $27  million  capital,  and  $2.6 
million  operating  armually,  excluding  residue  management. 


Table  5 
Estimated  Costs  for  Implementation  of  the  Brine  Concentrator 


Cost^ 


Capital  costs  (including  equipment  35%  installation,  15%  engineeiing,  30%  contingency  and  7%  G^.T.). 
Operating  costs 


$27,000,0002 
SZ6  X  loS 


Notes: 

1.  Ret  8. 

2.  ENR  CCI  6343. 

3.  Operating  costs  for  elecuidiy  and  steam.  Residue  recycling,  management  and  disposal  not  included. 


42  BAT  Option  4  and  5 

BAT  Options  4  and  5  include  TDS  removal  from  effluent  discharges  monitored  at 
COOIOO,  as  described  in  Section  4.1. 


42.1  Replacement  of  Barometric  Condensers  With  Surface  Condensers 

Description 

BAT  Option  4  includes  the  replacement  four  existing  barometric  condensers  with  sur- 
face condensers  in  the  calcium  chloride  production  area.  The  information  presented  in 
Table  6  on  the  vapour  streams  was  used  to  calculate  the  size  requirements  of  the  sur- 
face condensers  for  the  purpose  of  costing. 

The  surface  condensers  will  require  a  once  through  cooling  water  flow  rate  of  approxi- 
mately 130,000  mVd.  Approximately  2,000  mVd  condensate  will  be  produced. 
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Performance 

By  replacing  the  barometric  condensers  with  surface  condensers,  once  tlirough  cooling 
water  will  be  discharged  through  Control  Point  CO0200.  Performance  for  most 
contaminants  cannot  be  calculated  because  the  amount  of  contamination  contributed 
from  the  existing  barometric  condenser  effluent  to  CO0200  is  unknown,  and  water  qual- 
ity at  this  point  was  generally  not  significantly  different  from  intake  water. 


Table  6 
Information  on  Surface  Condensers  for  General  Chemical 

Parameter 

StnamX 

Stream  B 

Vapour  temperature^ 

Vapour  flow  rate 

Number  of  surface  condensers^ 

Cooling  water  temperature  change 

Required  heat  transfer^ 

Heat  transfer  coefficient^ 

Surface  area  of  each  condenser 

60  °C 

36,000  kg/h 

2 

12  °C 

9J  X  lo'^  U/h 

1,100  W/m^  °C 

410  m^ 

60K 

45,000  kg/h 

2 

12  °C 

1.2  X  1081  U^ 

1,100  W/m^  °C 

510  m^ 

Notes: 

1.              Ref.  9 
Z              Ref.  10 

Assuming  all  of  the  ammonia  in  the  monitored  stream  originated  in  the  evaporated 
condensate,  then  this  would  be  concentrated  in  the  condensate  stream  and  eliminated 
from  discharges  through  CO0200.  Table  7  summarizes  the  projected  performance  at 
CO0200. 


Table  7 
Projected  Performance  Resulting  from  Installation  of  Surface  Condensers 

Parameter 

CBTiTDf  Loading  ai  CO0200 

Prejedcd  Loading  at  CO0200 

Loading  Redodioa 

Flow  rate  (m^/d) 
Ammonia  (kg/d) 
TKN(kg/d) 

203,000 
584 
648 

181,000^ 
0.02 
64.0 

11% 
100% 
90% 

Notes: 

1.              Based  on  current  barometiic  condenser  flow  rate  of  150,000  rn^/i,  projected  once  through  cooling  water  dis- 
cbarge rate  of  130,000  m^/d  and  projected  ZOOO  m^/d  of  condensate  not  discharged  through  CO0200. 
Z              Assumes  condensate  is  not  discharged  through  CO0200. 
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Costs 

The  capital  cost,  based  on  information  in  Ref.  11  and  Ref.  12  for  all  four  surface  con- 
densers will  be  approximately  $1,700,000  (ENR  CCI  6343).  This  cost  includes  35  per- 
cent installation,  30  percent  contingency  aUowance,  15  percent  engineering  and  7  per- 
cent G.S.T.  Annual  operating  costs  are  not  projected  to  increase. 


4.23  Steam  Stripping  of  Condensate  Stream 

Description 

For  the  purposes  of  costing,  the  steam  stripper  and  vapour  condenser  system  presented 
in  the  general  technology  reports  (Ref.  12,  13  and  14)  were  used.  The  stripper  would 
treat  the  surface  condenser  condensate  stream  generated  at  a  rate  of  2,000  m^/d  with  a 
mean  ammonia  nitrogen  concentration  of  299  mg/L.  A  tube  and  shell  condenser  unit 
would  be  used  to  condense  the  ammonia  rich  steam,  and  would  use  once  through  cool- 
ing that  would  be  discharged  through  Control  Point  CO0200.  It  is  assumed  that  this 
concentrated  ammonia  condensate  can  be  returned  for  use  in  the  process. 

Rather  than  implement  additional  treatment  to  further  reduce  ammonia  levels  in  steam 
stripper  effluents,  this  effluent  can  be  transferred  to  the  soda  ash  settling  basin. 
Effluents  from  the  soda  ash  settling  basin  (COOIOO)  will  be  treated  for  TDS  removal 
and  reused  in  the  plant.  Since  ammonia  will  not  be  removed  in  the  TDS  removal  sys- 
tem, it  will  also  be  present  in  water  reused  in  the  plant.  However,  because  ammonia 
levels  will  not  increased  significantly  with  the  addition  of  the  steam  stripper  effluent, 
and  natural  removal  of  this  non-persistent  chemical  will  occur  through  volatilization 
from  the  settling  basin  and  natural  biodégradation,  the  impacts  on  the  quality  of  water 
available  for  in-plant  reuse  should  be  minimal- 


Performance 

An  average  ammonia  nitrogen  removal  efficiency  from  the  surface  condenser  stream  of 
95  percent  is  estimated.  This  would  result  in  an  effluent  ammonia  nitrogen  concentra- 
tion of  14.6  mg/L,  and  loading  of  29.2  kg/d. 

When  routed  to  the  soda  ash  settling  basin,  the  steam  stripper  effluent  would  increase 
ammonia  effluent  concentrations  at  Control  Point  COOIOO  to  6.4  mg/L  from  5.4  mg/L 
reported  for  the  12  month  MISA  monitoring  period.  Row  at  Control  Point  COOIOO 
will  increase  to  17,000  m^/d  from  15,000  m^/d. 

In  addition,  an  estimated  20,000  m^/d  will  be  used  as  once  through  cooling  water  to 
cool  the  surface  condenser  used  to  condense  concentrated  ammonia  vapours.  This 
stream  would  be  discharged  to  Control  Point  CO0200. 
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Costs 

Estimated  capital  and  operating  costs  for  the  steam  stripper,  stream  condenser  and  effl- 
uent pipeline  to  the  soda  ash  settling  basin  are  presented  in  Table  8. 


Table  8 
Costs  of  Steam  Stripper  and  Ammonia  Vapour  Condenser  for  Surface  Condenser 

Effluent 

Item 

Costi 

CapiiaJ^ 

Steam  stripper  (Ret  14) 

•  Surface  condenser  (Re£.  12) 

•  Pipeline  to  soda  asb  settling  basin 
Total 

$2,800,000 
$670,000 
$    25,000 

Operating  costs  (Ref.  15) 

$3,400,000 

Notes: 

1.               Includes  35%  installauon,  30%  contingency,  15%  engineering  and  7%  G.S.T  (EhfR  CCI  6343). 

4,2.4  Summary 

Table  9  summarizes  the  costs  and  performance  projected  for  the  implementation  of 
BAT  Options  4  and  5. 


5.0  SUMMARY  OF  BAT  OPTIONS 

Table  10  presents  a  summary  of  costs  and  performance  resulting  from  the  implementa- 
tion of  BAT  Options  recommended  for  General  Chemical  Canada  Ltd. 
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Table  9 

Summary  of  Cost  and  Performance  of  BAT  Options  4  and  5 

Curreot 

Projected 

Loading 

Loading 

Loading 

RedoctioD 

Technology 

Cost 

Paramcler 

(ks^d) 

(k8^«0 

(kg/d) 

TDS  removal  using  brine  concentra- 

$29,000,000^ 

Flow  (m^/d) 

17,000^ 

0.0 

100% 

tion  of  stream  COOIOO. 

capital 

Cyanide 

0.103 

0.0 

100% 

TSS 

650 

0.0 

100% 

S2,800,000^/y 

Strontium 

79.9 

0.0 

100% 

operating 

Chloride 

771,000 

0.0 

100% 

Fluoride 

33.6 

0.0 

100% 

Sulphate 

17,600 

0.0 

100% 

Ammonia-N 

86.1 

1093 

-36% 

Replacing  barometric  condenser 

$5,195,000  capital 

Flow  (m^/d  at 

203,000 

203,000 

0% 

with  surface  condensers,  steam  strip- 

CO0200) 

ping  of  condensate,  and  condensa- 

$3,4O0,000/Y 

tion  and  reuse  of  ammonia  rich  con- 

operaimg 

Ammonia 

584 

0.0 

100% 

densate  in  process.  Transfer  of 

TKN 

648 

64.0 

90% 

steam  stripper  effluent  to  soda  ash 

settling  basin. 

Total 

>  $34,195,000 
capita 

>$6,200,000/7 
operating 

Notes: 

1.              Includes  capacity  requiremei 

ts  for  additional  2,00( 

9  m^/d  of  flow  from  tl 

he  steam  stripper. 

2.              Ammonia  levels  would  inas 

ise  from  steam  strippt 

H- effluents.  However 

,  this  stream  would  not  be  di 

scharged 

directly. 
'                                                    

6.  Ontario  Inorganic  Chemical  Sector  Plant  Report  on  BAT  Options  Allied  Chemi- 
cal Canada  Ltd. 

7.  Plant  Specific  Technology  Report  Surface  Condenser  for  Ammonia  Steam  Con- 
densation. 

8.  General  Technology  Report  on  Vapour  Compression  Evaporation  for  TDS 
Removal. 
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9.  Information  provided  by  Lonnie  Leciw  from  General  Chemical,  December  1991. 

10.  Heat  Transfer.  J.P.  Holman.  McGraw-Hill  Inc.,  1981. 

11.  Chemical  Engineers  Handbook,  Fifth  Edition.  R.H.  Perry  and  G.M.  Chilton, 
(eds.).  McGraw  Hill  Inc.,  1973. 

12.  Plant  Specific  Technology  Report  Surface  Condenser  for  Ammonia  Steam  Con- 
densation. 

13.  General  Technology  Report  Ammonia  Removal  by  Steam  Stripping  for  ICI 
Nitrogen  Products. 

14.  General  Technology  Report  Ammonia  Removal  by  Steam  Stripping  for  Nitro- 
chem  Inc. 

15.  Industrial  Wastewater  Treatment  Technology,  Second  Edition.  Butterworth 
Heinmann. 


Table  10 
Summary  of  Costs  and  Performance  of  BAT  Options  for  General  Chemical 
1                                                                Canada^ 

Component 

BAT  OpUoo  1 

BAT  Option  3 

BAT  OpiioD  4  mod  5 

Cost 

Capital 
•                Operating 

$27,000,000 
$233,000,000 

$0 

$0/V 

>$34,195,000 
>$6.200,000/y  1 

Peifonnaiice 

Loading  Reduction 

Control  Point  COOIOO 

Flow  (m^/d) 

•  Cyanide  (kg/d) 
TSS(kg/d) 

•  StroQtium  (kg/d) 
Chloride  (kg/d) 

•  Fluoride  (kg/d) 

•  Sulphate  (kg/d) 

15,000 

0.103 

650 

79.9 

771,000 

33.6 

17.600 

0 
0 
0 
0 
0 
0 
0 

17,000 

0.103 

650 

79.9 

771,000 

33.6 

17,600 

Control  Point  CO0200 

•               Ammonia-N  (kg/d) 
TKN(kg/d) 

0 
0 

0 
0 

584 
584 

TOR/INORG3/990^1 
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Table  A1 .  General  ChemicaJ  Canada  Ltd..  Amherstberg  Plant 

Summary  of  Rows  and  Priority  One  Pollutants 
MISA  Control  Point  CO0100 
Description:  North  Drain 

Contaminant 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loacfing 
(kg/d) 

Minirmmt 

Maximum 

Mean 

Flow 

m3/d 

6030 

24800 

15000 

COD 

mg/L 

100 

400 

250 

5070 

Cyanide  Total 

mg/L 

0.005 

0.023 

0.007 

0.103 

Hydrogen  ion  (pH) 

10.9 

11.8 

11.5 

Ammonia  Plus  Ammonium 

mg/L 

0.1 

52.7 

5.4 

80.1 

Total  Kjeldahl  Nitrogen 

mg/L 

0.8 

10.7 

5.9 

90 

Nitrate  and  Nitrite 

mg/L 

0.08 

2.47 

0.83 

13.2 

DOC 

mg/L 

10 

1110 

221 

3530 

TOC 

mg/L 

10 

1550 

321 

5080 

Total  Phosphorus 

mg/L 

0.1 

2.93 

0.24 

3.42 

Specific  Conductance 

uS/cm 

39300 

122000 

58700 

Total  Suspended  Solids 

mg/L 

3 

341 

44 

650 

Aluminum 

ug/L 

30 

340 

168 

2.81 

Boron 

ug/L 

338 

1140 

509 

8.19 

Cadmium 

ug/L 

0.2 

100 

^^^ 

0.23 

Cobalt 

ug/L 

20 

1000 

6"^!'^ 

2.33 

Molybdenum 

ug/L 

20 

^m 

v^^^ 

3.22 

Nickel 

ug/L 

10 

M^% 

,^     69 

1.38 

Lead 

ug/L 

3Û( 

i^  jiâS? 

232 

4.44 

Strontium 

ug/L 

384(3 

ç,'2'^640 

4910 

79.9 

Thallium 

ug/L 

30 

250 

53 

0.818 

Zinc 

ug/L 

10 

500 

55 

1.12 

Arsenic 

ug/L 

2 

55 

19 

0.297 

Mercury 

ug/L 

0.1 

1.28 

0.2 

0.003 

Phenolics  (4AAP) 

ug/L 

1 

5 

2.5 

0.038 

Sulphide 

ug/L 

10 

524 

50 

0.731 

Bromomethane 

ug/L 

2 

10 

8.7 

0.142 

Bromoform 

ug/L 

2 

10 

8.7 

0.142 

Dibromochloromethane 

ug/L 

1 

5 

4.3 

0.071 

Chloromethane 

ug/L 

2 

10 

8.7 

0.142 

Chloroform 

ug/L 

1 

8.1 

2.2 

0.04 

Methylene  Chloride 

ug/L 

1 

5 

2.9 

0.048 

Trichlorofluoromethane 

ug/L 

5 

49.3 

13.5 

0.242 

Tetrachloroethylene 

ug/L 

0.5 

2.5 

2.2 

0.036 

Vinyl  Chloride 

ug/L 

2 

10 

8.9 

0.142 

1.1-Dichloroethane 

ug/L 

0.2 

1 

0.9 

0.014 

1 .1 ,2-Trichloroethane 

ug/L 

0.5 

2.5 

1.3 

0.022 

1 ,1 ,2,2-Tetrachloroethane 

ug/L 

1 

5 

4.3 

0.071 

1 ,2-Dichloroethane 

ug/L 

0.2 

1 

0.9 

0.014 

1 ,2-Dichloropropane 

ug/L 

0.2 

1 

0.9 

0.014 

Table  AI ,  General  Chemical  Canada  Ltd.,  Amherstberg  Plant 

Summary  of  Rows  and  Priority  One  Pollutants 
MISA  Control  Point  CO0100 
Description:  North  Drain 

Contaminant 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loadng 
(kg/d) 

Mininuim 

Maximum 

Mean 

cis-1 ,3-Dichloropropylene 

ug/L 

0.5 

2.5 

2.17 

0.036 

Trans-1 .3-Dichloropropylene 

ug/L 

0.5 

2.5 

2.17 

0.036 

Chlorobenzene 

ug/L 

0.2 

1 

0.867 

0.014 

Ethylene  Dibromide 

ug/L 

1 

5 

4.33 

0.071 

Benzene 

ug/L 

0.5 

0.5 

A   d9^ 

0.01 

o-xylene 

ug/L 

1 

,v,A3^'^^.v.\e.i 

0.021 

Toluene 

ug/L 

r*-( 

^  ^K^ 

Vfi-^'     1 

0.021 

Styrene 

ug/L 

V^ 

V^'^ 

1 

0.021 

Acrolein 

ug/L 

20 

^       20 

20 

0.419 

Acryionitrile 

ug/L 

10 

10 

10 

0.21 

Octachlorodibenzo-p-dioxin 

pg/L 

39 

95 

67 

0 

Oil  and  Grease 

mg/L 

1 

5 

1.4 

21.9 

Chloride,  Unfiltered  Reactive 

mg/L 

43.5 

415000 

50000 

771000 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.1 

3.2 

2.16 

33.6 

Sulphate,  Unfiltered  Reactive 

mg/L 

20.2 

1360 

1150 

17600 

Table  A2.  General  Chemical  Canada  Ltd.,  Amherstherg  Plant 

Summary  of  Rows  and  Priority  One  Pollutants 
MISA  Control  Point  CO0200 
Description:  Main  Drain 

Contaminam 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loacfing 
(kg/d) 

Minirmtfn 

Maximum 

Mean 

Flow 

m3/d 

131000 

273000 

203000 

COD 

mg/L 

13 

40 

27 

5110 

Cyanide  Total 

mg/L 

0.005 

0.031 

0.012 

2.41 

Ammonia  Plus  Ammonium 

mg/L 

0.5 

17.1 

3 

584 

Total  Kjeldahl  Nitrogen 

mg/L 

0.4 

17.3 

3.3 

648 

Nitrate  and  Nitrite 

mg/L 

0.11 

2.92 

1.15 

227 

DOC 

mg/L 

1.1 

6.2 

A'^ 

442 

Total  Phosphorus 

mg/L 

0.1 

0.2^c 

'^     K^'' 

22.2 

Specific  Conductance 

uS/cm 

249 

a-a^t 

\m^3 

Total  Suspended  Solids 

mg/L 

4-<i 

^^^^ 

29 

5880 

Aluminum 

ug/L 

12F 

CÔ^O'90 

475 

97.6 

Copper 

ug/L 

10 

^          10 

10 

2.06 

Strontium 

ug/L 

110 

170 

137 

28 

Mercury 

ug/L 

0.1 

0.36 

0.12 

0.024 

Phenolics  (4AAP) 

ug/L 

1 

6 

2.8 

0.557 

Sulphide 

ug/L 

10 

215 

23 

4.4 

Total  TCDF 

ug/L 

220 

330 

275 

0 

Total  PCD  F 

ug/L 

29 

230 

130 

0 

Octachlorodibenzo-p-dioxin 

pg/L 

150 

180 

165 

0 

Oil  and  Grease 

mg/L 

,    1 

6 

1.3 

264 

Chloride,  Unfiltered  Reactive 

mg/L 

34 

265 

99.1 

19800 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.1 

2.1 

0.1 

25.6 

Sulphate,  Unfiltered  Reactive 

mg/L 

17.6 

1170 

23.2 

6330 

Table  A3,  General  Chemical  Canada  Ltd..  Amherstberg  Plant 

Summary  of  Rows  and  Priority  One  Pollutants 
MISA  Control  Point  IN0600 
Description:  Intake 

Contantinant 

Units 

Concentration  over  t2  Mwnh 
SampOng  Period 

Loading 

Wnbman 

Maximum 

Mean 

COD 

mg/L 

11 

26 

18.5 

3746 

Total  Kjeldahl  Nitrogen 

mg/L 

0.1 

26 

0.95 

190 

Nitrate  and  Nitrite 

mg/L 

0.1 

2.51 

0.75 

149.5 

DOC 

mg/L 

1.2 

3.,cv\^    2.1 

444.2 

Specific  Conductance 

uS/cm 

139 

,.^éô1' 

\Q      2^^ 

Total  Suspended  Solids 

mg/L 

i,=i\\^"^aé0J 

y^     18.6 

3965 

Aluminum 

ug/L 

ço^o 

^  K\^fÎ50 

496 

107.2 

Strontium 

ug/L 

^0^^'           160 

123 

26.6 

Octachlorodibenzo-p-dioxin 

pg/L 

110 

120 

115 

0.00002 

Oil  and  Grease 

mg/L 

1 

3 

1.14 

244.4 

Chloride,  Unfiltered  Reactive 

mg/L 

8.6 

198 

16.9 

3582 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.1 

0.15 

0.106 

22.95 

Sulphate,  Unfiltered  Reactive 

mg/L 

9.6 

33.7 

21.5 

4578 

1                                                                                                                            1 

Table  A4 
Toxicity  Data  for  General  Chemical  Canada  for  the  First  Six  Months  of  the  MISA 

Monitoring 

Control  Point 

Test  Spedes 

Number  of 
Samples 

Range  of  Data 

Number  of  Non- 
lethal  Samples 

COOIOO 

Rainbow  trout 
Daphnia  magna 

6 
6 

18.8%  -  41.8% 
5.8%-8.8% 

0 
0 

CO0200 

Rainbow  trout 
Daphnia  magna 

6 
6 

100%  to  non-lethal 
100%  to  non-lethal 

5 
5 
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APPENDIX  11 
ICI  Forest  Products,  Cornwall 


ONTARIO  INORGANIC  CHEMICAL  PLANTS 

REPORT  ON  BAT  OPTIONS 

ICI  CANADA  INC.  (CORNWALL) 

1.0  PLANT  DESCRIPTION 

The  ICI  Forest  Products  plant  in  Cornwall  produces  chlorine  and  caustic  soda,  or 
caustic  potash  by  electric  decomposition  of  brine  in  a  mercury  cell.  Chlorine  gas  is  sold 
and  also  used  onsite  in  the  production  of  hydrochloric  acid,  sodium  hypochlorite  and 
chlorinated  paraffins.  Caustic  soda  is  sold,  and  also  consumed  in  the  production  of 
sodium  hydrosulphide  and  Polysulphide  Red  2000^^.- 

Water  from  the  City  of  Cornwall  is  used  onsite  primarily  as  once  through  cooling  water 
and  cooling  tower  make-up  water,  in  addition  to  wash  water.  A  portion  of  water  is 
softened  for  use  in  products  and  for  cooling  of  hydrogen  gas.  Details  on  the  plant, 
processes  and  wastewater  generation  are  provided  in  the  Site  Visit  Report  (Ref.  1). 

2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

One  main  production  process  at  the  plant,  the  chlorine  and  caustic  soda  (or  caustic 
potash)  unit,  generates  process  wastewater.  Wastewater  sources  include: 

•  Cell  room  wastewater,  including  wash  water,  depleted  brine  and 
potassium  hydroxide  filter  backwash,  which  has  been  treated  in  a 
wastewater  treatment  plant  for  mercury  removal. 

•  Untreated  wash  water  from  the  brine  mud  filter  press. 

In  addition,  cooling  tower  blowdown,  non-contact  brine  mud  filter  vacuum  water  and 
pump  seal  water,  water  softener  backwash  water  and  roof  storm  water  are  all  combined 
for  discharge  with  chlor-alkali  plant  process  wastewaters.  These  streams,  monitored 
under  the  MISA  Monitoring  Regulation  at  Control  Point  PR0400,  are  summarized  in 
Table  1. 

Discharges  from  other  areas  of  the  plant,  including  once  through  cooling  water,  cooling 
tower  blowdown  and  storm  water  runoff,  and  a  small  amount  of  wash  water  from 
chlorine  tank  car  servicing  were  collected  in  a  single  process  sewer  system,  and 
combined  with  effluents  monitored  at  PR0400  before  being  discharged  at  MISA 
Control  Point  CO0300. 
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Table  1 
Sources  of  Effluents  Monitored  at  MISA  Control  Point  PR0400 

Soorce 

Description 

Avcnee  Flow  Rale 

Cell  room  wasuwaier 
sumps 

•     Wash  water  depleted  brine,  potassium  hydroxide  filter  backwash 
water  that  have  been  treated  in  a  wastewater  treatment  plant  for 
mercury  removal. 

100  m^/d 

Brine  muds  niter  press 

•  Wash  water  produced  at  34  L/min.  for  10  hours  every  2  days. 

•  Non-contact  vacuum  pump  water,  produced  at  100  Umin.  for  10 
hours  evay,  2  days. 

•  Rush  pump  seal  water,  produced  at  3J  L/min.  for  10  hours  every  2 
days. 

10.2  m^/d 
aOm^/d 

1.1  m-'/d 

Hydrogen  cooling  tower 

•      Non-contact  cooling  tower  blowdown. 

13  m^/d 

Water  softener 

•     Backwash  water. 

14  m^/d 

Roof  drains 

•     Storm  water  ninofl. 

variable 

22 


Wastewater  Flows  and  Quality 


Tables  Al  and  A2  in  the  Appendix  present  mean,  minimum  and  maximum  flow  and 
concentration  data  for  those  pollutants  considered  by  the  Ontario  Ministry  of  the 
Environment  to  be  "Priority  1"  measured  at  MISA  Control  Points  CO0300  and  PR0400. 
Table  A3  presents  intake  water  quality  data  measured  at  IN0200. 


3.0 


RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 


In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  runoff^,  were  considered  for 
each  Ontario  Inorganic  Chemical  Sector  plant: 


Option  1 


A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 
trout  and  Daphnia  magna. 


Storm  water  ninoff  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct  a 
Storm  Water  Control  Study  at  each  site. 
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Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facu- 

lties in  the  U.S. 

Option  3         -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  subsections. 


3.1  BAT  Option  1 

Toxicity  data  for  the  first  six  months  of  monitoring  under  the  MISA  Monitoring 
Regulation  were  collected  and  verified  by  the  Ministry.  Results  of  six  tests  on  rainbow 
trout  and  3  test  on  Daphnia  magna  carried  out  on  samples  of  final  effluent  collected  at 
MISA  Control  Point  CO0300  are  presented  in  Table  A4.  All  samples  were  non-lethal 
to  the  test  species.  Therefore,  no  changes  to  the  existing  operation  are  recommended 
imder  BAT  Option  1. 

The  plant  has  indicated  that  system  changes  may  be  implemented  to  reduce  water 
usage,  which  would  also  reduce  flows  through  CO0300.  These  changes  should  be 
designed  to  ensure  that  non-lethality  of  effluents  is  maintained. 


32  BAT  Option  2 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  Part  415  Subpart  F- 
Chlor-alkali  Manufacturing,  effluent  limits  for  BAT  were  defined  for  mercury  and  total 
residual  chlorine.  These  limits  were  based  upon  mercury  removal  by  sulphide 
precipitation  and  presstire  filtration,  in  addition  to  dechlorination  of  mercury 
contaminated  wastewaters.  This  included  the  assumption  of  recycle  of  brine  mud 
overflow  filtrate  back  to  the  process  and  settling  of  brine  mud  (Ref.  2). 

At  ICI  settled  brine  mud  overflows  and  filtrate  from  the  belt  filter  press  for  filtering 
brine  clarifier  underflows  (mud)  are  returned  back  to  the  process.  Cell  room 
wastewater  is  treated  in  a  system  consisting  of  presetting,  dechlorination,  precipitation 
with  sodium  hydrosulphide  and  ferrous  sulphate  at  a  pH  of  6.8,  settling,  sand  filtration. 
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and  granular  activated  carbon  adsorption.  On  a  technology  basis,  the  system  at  ICI  is 
more  advanced  than  that  recommended  by  the  U.S.  EPA- 

Table  2  presents  a  comparison  of  the  ICI  treatment  plant  effluent  quality,  and  the 
chlor-alkali  plant  effluent  quality  (measured  at  PR0400)  to  U.S.  BAT  limits  for  mercury 
and  suggested  limits  for  other  toxic  metals.  Suggested  limits  for  other  toxic  metals  were 
presented  in  the  U.S.  Development  Document  (Ref.  2),  and  are  intended  as  guidance 
for  permit  writers  (Ref.  3). 


Table  2 
Comparison  of  U.S.  BAT  EfTluent  Limits  and  Guidelines  to  ICI  Wastewater 

Plant  Effluents 

Parameler 

t'.S.  BAT  IJmit  or  CuideUne 

ICI  WWTP  Emucal 

ChJor-AlkaU  PUnt  EfllueoP 

30-Davs  Arcraee^ 

.Marlmnm  Dajrl 
(kg/d) 

A»er«ge" 
(ks/d) 

ATcrage 
(k&«f) 

Maximum 

(fcg/d) 

Mercury 

0.013 

0.031 

0.010 

0.021 

0.032 

Chlorine 

0.O43 

0.253 

no  data 

no  data 

no  data 

.■Vrscaic 

0.02S 

0.061 

<  0.0003 

0.002 

0.0005 

Cadmium 

0.015 

0.032 

<  0.0008 

0.002 

0.007 

Copper 

0.015 

0.032 

<  0.0009 

0.008 

0.027 

Lead 

0.045 

0.100 

<0.0O6 

0.046 

0.261 

Nidcd 

o.azs 

0.062 

<  0.002 

0.011 

0.038 

Silver 

0.020 

0.043 

<  0.0003 

o.p.5 

n.p. 

Zinc 

0.013 

0.093 

0.002 

0.02 

0.179 

Notes: 

1.  Calculated  Crom  limits  set  on  the  basis  of  a  kg/kg/d  of  chlorine  («xxluctioa  capacity,  and  reported  capacity  of 
ICI. 

2.  From  6  days  of  testing  of  wastewater  treatment  plant  eflluenis  in  November  and  December  1990,  carried  out 
by  ICI  (Réf.  1). 

3.  From  MISA  12  months  monitoring  data  at  Control  Point  PR0400. 

4.  Calculated  from  marimnm  conccntialioa  and  mean  Qow  rate. 

5.  Not  a  Trionty  1"  poUutanL 

The  data  in  Table  2  shows  that  the  ICI  treatment  plant  is  capable  of  producing  effluent 
quality  well  below  U.S.  BAT  limits  and  guidelines.  The  quahty  of  total  effluents 
generally  meets  U.S.  BAT  limits,  except  for  mercury,  and  maximum  levels  of  lead  and 
zinc. 

Mercury  exceedances  were  likely  attributed  to  a  few  incidences  of  mercury  break- 
through from  the  treatment  plant  during  the  MISA  Monitoring  period.  Since  this 
period,  the  plant  has  implemented  effluent  check  tanks.   Mercury  concentrations  in 
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effluents  in  these  tanks  are  measured  hourly,  and  effluents  exceeding  0.13  mg/L 
mercury  are  not  discharged,  but  are  recycled  back  to  the  treatment  plant.  Because 
treatment  plant  effluent  is  the  main  source  of  mercury  in  streams  monitored  at 
PR0400^,  loadings  would  not  exceed  0.013  kg/d  under  the  current  operation. 
Therefore,  with  respect  to  achieving  U.S.  BAT  limits  for  mercury,  no  changes  to  the 
current  operation  are  recommended. 

The  primary  source  of  toxic  metals  in  effluents  from  chlor-alkali  processes  is  impurities 
in  the  salts  or  brine  (Ref.  2).  At  ICI,  impurities  are  settled  in  a  clarifier,  and  the 
clarifier  underflow,  referred  to  as  brine  muds,  are  filtered  in  a  belt  filter  press.  Filtrate 
is  returned  to  the  mercury  cell.  Wash  water  used  to  clean  the  filter  press  during 
operation,  generated  at  average  rate  of  10.2  mVd,  contains  a  high  TSS  concentration 
and  is  a  likely  source  of  toxic  metal  impurities  such  as  lead  and  zinc  that  were  detected 
at  Control  Point  PR0400  at  maximum  levels  higher  than  U.S.  BAT  guidelines.  The 
filter  backwash  water  is  not  treated  prior  to  discharge. 

Assuming  that  a  large  portion  of  toxic  metal  impurities  in  the  filter  backwash  stream 
are  in  the  form  of  insoluble  precipitates,  removal  of  TSS  by  settling  prior  to  discharge 
of  thiis  stream  would  reduce  the  levels  of  these  metals  in  effluents.  This  is  a  reasonable 
assumption,  since  many  of  these  metals  would  be  precipitated  in  the  clarifier.  BAT 
Option  2  incorporates  settling  of  this  filter  wash  water  stream,  and  is  discussed  in  detail 
in  Section  4.0. 

No  effluent  chlorine  residual  data  from  the  chlor-alkali  plant  were  available.  However, 
with  respect  to  chlorine,  the  plant  incorporates  dechlorination,  and  therefore  meets 
U.S.  BAT  on  a  technology  basis. 

A  review  of  process  and  non-process  effluent  data  measured  at  Control  Point  PR0400 
shows  that  the  chlor-alkali  plant  produces  effluents  with  contaminants  generally  at 
levels  wells  below  U.S.  BAT  limits  and  guidelines.  Settling  of  solids  is  recommended 
for  the  brine  muds  filter  wash  water  stream  imder  BAT  Option  2  to  improve  removal 
of  lead  and  zinc  from  this  stream. 

The  U.S.  Federal  Register  does  not  include  BPT  or  BAT  Regulation  for  effluents 
generated  in  the  manufacture  of  hydrochloric  acid,  sodium  hypochlorite,  sodium 
hydrostilphide,  chlorinated  paraffins  or  other  sodium  sulphide  compounds.  Therefore, 
wastewater  control  technologies  for  these  processes  were  not  be  defined  under  BAT 
Option  2. 


ICI  estimates  that  an  average  of  0.0004  kg/d  of  mercury  is  also  discharged  in  brine  mud  filter  press  backwash  water 
stream. 
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33  BAT  Option  3 

ICI  Forest  Products  in  Cornwall  is  the  only  mercury  cell  chlor-alkali  production  plant  in 
Ontario.  Therefore,  no  changes  to  the  existing  system  for  wastewater  control  are 
recommended  under  BAT  Option  3. 


3.4  BAT  Option  4 

BAT  Option  4  includes  those  technologies  that  will  provide  the  maximum  reduction  of 
pollutants  from  discharges  at  the  plant. 

A  review  of  the  MISA  monitoring  data  at  Control  Points  CO0300  and  PR0400  indicates 
the  presence  of  several  groups  of  contaminants,  including: 

TSS  and  VSS 

Toxic  metals,  including  mercury 

Chlorinated   volatile    organics    (chloroform,    methylene    chloride,    1,2- 
chloroethane). 

Trace  chlorinated  organics,  including  chlorinated  benzene  and  dioxin  and 
furan  compounds. 

Oil  and  grease 

Phenolics 

Sulphide 

Phosphorus 

Chloride,  fluoride  and  sulphate. 

Technologies  for  the  reduction  of  each  of  these  contaminants  are  discussed. 

TSS  and  VSS 

The  main  source  of  TSS  in  the  final  effluent  is  the  chlor-alkali  effluent  stream 
(PR0400),  which  contributes  152  kg/d  of  TSS  to  final  effluents.  ICI  attributes  most  of 
these  solids  to  the  filter  wash  water  stream,  and  reports  that  solids  are  primarily 
calcium  sulphates,  which  have  been  shown  to  be  readily  settleable.  Therefore,  retnoval 
of  these  solids  by  settling  is  recommended  under  BAT  Option  4. 
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A  high  percentage  of  TSS  (40%)  was  volatile,  according  to  the  MISA  monitoring  data. 
Since  organic  levels  in  the  effluents  are  low,  the  nature  of  the  volatile  portion  of 
suspended  solids  is  not  obvious.  It  is  thought  that  a  portion  of  TSS  particles  are 
hydrated  calcium  sulphate  molecules,  and  water  is  evaporated  under  the  VSS  test 
conditions  (500  °C). 

VSS  would  also  be  removed  in  the  recommended  settling  process. 


Metals 

The  data  in  Table  Al  and  A2  shows  that  a  portion  of  some  metals  in  the  final  effluent 
stream  are  being  contributed  from  the  chlor-alkali  effluent  stream.  Levels  of 
aluminum,  beryllium,  cobalt,  molybdenum,  nickel,  lead,  thallium,  vanadium,  zinc  and 
arsenic  were  all  higher  in  the  chlor-alkali  effluents  than  in  final  effluents.  These 
contaminants  are  likely  from  impurities  in  the  brine,  and  are  contributed  from  the  brine 
filter  wash  water  and  treatment  plant  effluent  (which  contains  depleted  brine). 
Removal  of  insoluble  precipitates  of  these  metals  in  brine  filter  wash  water  will  be 
accomplished  through  the  settling  treatment  recommended  for  solids  removal. 

Technologies  for  further  reduction  of  low  levels  of  insoluble  metals  may  be  available. 
However,  practical  applications  to  treating  dilute  concentrations  of  these  metals  in 
industrial  wastewaters  were  not  identified  in  a  global  search. 

Some  metals,  including  cadmium,  copper  and  chromium,  were  at  similar  concentrations 
in  plant  effluents  as  in  the  chlor-alkali  plant  effluent  stream.  In  addition,  most  other 
metals  detected,  although  some  portion  of  which  were  contributed  from  the  chlor-alkali 
process,  were  also  contributed  to  the  final  effluent  stream  from  other  sources.  Raw 
water  used  at  the  plant  is  the  main  source  of  cadmium  and  copper,  and  a  source  of 
most  other  metals,  as  shown  in  Table  A3.  In  general,  these  metals  are  at  dilute 
concentrations,  and  practical  technologies  for  their  removal  from  wastewater  have  not 
been  identified.  Only  one  metal,  strontium,  was  detected  at  relatively  high  levels  in 
final  effluents.  However,  it  was  not  analyzed  intake  water,  and  therefore,  the  portion 
of  strontiimi  contributed  from  this  source  is  unknown. 

A  treatment  process  specifically  aimed  at  strontium  removal  was  not  identified  in  a 
global  search.  However,  strontium  removal  would  occur  with  chemical  coagulation  and 
settling  treatment  aimed  at  removal  of  metals.  However,  implementation  of  a 
coagulation  sedimentation,  and  filtration  process  will  produce  related  problems  which 
must  be  addressed,  including: 

•  The  impacts  of  water  treatment  chemicals  on  effluents,  in  terms  of 
contaminant  concentrations  and  toxicity. 

•  The  handling  and  disposal  of  wastewater  treatment  residuals. 
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•  The    dependence    of    system    reliability    and    operator    training    on 

performance. 

Measurement  of  strontium  in  intake  water  is  recommended  to  determine  whether  this 
is  its  source.  However,  because  the  levels  do  not  contribute  to  toxicity  in  effluents,  and 
because  of  the  negative  environmental  impacts  associated  with  treatment,  no  strontium 
removal  processes  are  recommended. 

The  source  of  hexavelant  chromium  detected  in  chlor-alkali  process  effluents  is 
unknown.  Levels  of  this  contaminant  are  low,  and  therefore,  its  presence  should  be 
confirmed  through  additional  testing.  However,  the  hexavelant  chromium  levels  are  too 
low  to  be  considered  practical  for  wastewater  treatment.  Tlierefore,  if  confirmed 
present,  reduction  of  this  metal  will  be  based  on  source  controls.  It  should  be  noted 
that  this  metal  was  not  considered  a  "Priority  1"  pollutant  in  plant  effluents  measured  at 
CO0300. 


Mercury 

About  37  percent  of  the  mercury  loading  in  final  effluents  from  the  plant  is  contributed 
from  the  chlor-alkali  plant  effluent  stream.  The  remaining  portion  may  be  contributed 
from  surface  runoff  as  a  result  of  fugitive  mercury  emissions,  or  other  unidentified 
sources  at  the  plant.  Technologies  identified  in  a  global  search  for  reduction  of 
mercury  levels  include: 

•  Tertiary  mercury  removal  in  a  mercury  specific  ion  exchange  resin. 

•  Complete  elimination  of  mercury  cells,  by  replacement  with  membrane 
cells. 

BAT  Option  4  focuses  on  the  reduction  of  mercury  from  effluents  produced  in  the 
existing  process.  Process  change  will  be  addressed  further  under  BAT  Option  5. 

The  mercury  specific  ion  exchange  resin  is  capable  of  treating  mercury  to  levels  of  less 
than  5  jig/L  in  effluents  from  a  sulphide  precipitation  treatment  process.  This 
technology  is,  therefore,  recommended  for  treatment  of  mercury  contaminated  streams 
from  the  chlor-alkali  process  at  ICI.  Application  of  the  ion  exchange  treatment  system 
for  reducing  mercury  levels  in  high  flow  total  plant  effluent  streams  was  not  identified 
in  an  exhaustive  global  search,  and  the  level  of  pretreatment  required  to  make  cooling 
water  and  storm  water  flows  amenable  to  ion  exchange  freatment  has  not  been  defined. 

A  pollution  prevention  approach  is  recommended  for  controlling  mercury  levels  in  final 
effluent  discharges.  This  includes  an  audit  of  mercury  sources  and  emissions,  and 
control  of  these  sources  through  improved  emission  control,  control  of  inadvertent  leaks 
and  spills  to  effluents  and  best  management  practices. 
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Chlorinated  Volatile  Organics 

Chloroform,  dibromochloromethane,  1,2-dichloroethane  and  methylene  chloride  were 
all  detected  at  low  levels  in  chlor-alkali  plant  effluents.  Only  the  first  two  compoimds 
were  detected  in  final  effluents,  and  were  at  the  same  level  as  those  in  raw  water. 
These  compounds  are  commonly  formed  in  chlorinated  water  supplies  such  as  the 
municipal  water  used  at  the  plant,  when  organic  matter  in  raw  water  reacts  with 
chlorine. 

A  source  of  methylene  chloride  and  1,2-dichloroethane  may  be  from  the  spent  brine, 
which  has  been  saturated  with  chlorine.  Methods  for  their  source  reduction  from 
process  effluents  are  not  likely  available,  since  the  brine  must  come  in  contact  with 
chlorine  as  part  of  the  process.  Furthermore,  practical  technologies  for  the  removal  of 
any  of  these  compounds  at  the  low  levels  present  in  ICI  effluents  were  not  identified  in 
a  global  search. 

It  is  important  to  note  that  an  exhaustive  global  search  of  chlor-alkali  plants  did  not 
identify  treatment  or  control  processes  in  use  aimed  at  reducing  the  levels  of 
chlorinated  organics  in  effluents  covered  in  the  previous  discussion,  or  the  trace 
organics  to  be  discussed  in  the  following  section.  Furthermore,  locations  were  not 
identified  where  federal  or  jurisdictional  agencies  have  applied  limits  on  these 
contaminants. 


Trace  Chlorinated  Organics 

Several  trace  organic  compounds,  including  chlorinated  benzenes  and  dioxin  and  furan 
compounds,  were  identified  in  chlor-alkali  plant  effluents  and  final  plant  effluents.  All 
of  these  contaminants  were  at  concentrations  averaging  below  2  \ig/L. 

Tests  carried  out  by  ICI  at  the  wastewater  treatment  plant  for  mercury  removal  in  1990 
found  removal  efficiencies  for  chlorinated  organics  to  range  from  25  to  96  percent  over 
the  treatment  process  (Ref.  1).  Effluent  concentrations  were  in  the  range  of  1  to  222 
ng/L.  Presumably,  the  main  removal  process  was  the  granular  activated  carbon 
contactor,  included  in  the  wastewater  treatment  system  at  ICI,  which  is  a  proven 
technology  for  removal  of  trace  organic  compounds. 

No  data  were  available  on  removal  of  dioxins  and  furans.  Theoretical  isotherm  data 
for  dioxin  and  furan  compounds  indicate  a  very  high  potential  for  adsorption  on  the 
GAC  media,  and  virtual  elimination  of  those  compounds  has  been  shown  with  GAC 
treatment.  However,  because  dioxin  and  furan  compounds  are  very  hydrophobic  and 
have  such  a  high  adsorption  potential,  they  may  become  adsorbed  on  other  solids  in  the 
wastewater,  which  may  pass  through  a  GAC  contactor.  Thus,  a  high  level  of  solids 
removal  is  also  necessary  to  ensure  good  removal  efficiency  of  dioxins  and  furans. 
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The  GAC  contactor  at  ICI  is  currently  not  operated  for  optimum  removal  of  organic 
compounds.  Therefore,  one  approach  to  improving  removal  efficiency  is  to  change 
operating  features,  such  as  carbon  media  and  carbon  replacement  frequency,  for 
optimization  of  organics  removal.  In  addition,  the  brine  filter  washwater  stream,  which 
has  been  associated  with  spent  brine  from  the  cells  and  may  also  contain  dioxin  and 
furan  and  other  extractable  compounds,  would  need  to  be  treated  in  the  GAC 
contactor.  Treatment  of  this  stream  in  the  wastewater  treatment  plant  has  already 
been  included  under  BAT  Option  4,  and  is  discussed  in  Section  4.0 

Although  this  approach  may  decrease  levels  of  these  pollutants  in  discharges,  a  more 
comprehensive  approach  involving  their  elimination  at  source  is  more  desirable.  ICI 
have  identified  two  potential  sources  of  these  pollutants  in  effluents  from  the  chlor- 
alkali  plant.  The  most  likely  source  is  the  cell  sealant  used  in  the  mercury  cells.  This 
sealant,  which  includes  a  high  percentage  of  residual  oil,  may  contribute  organic 
precursors  to  brine  in  the  cells,  which  are  available  for  formation  of  chlorinated 
compounds  when  chlorine  is  produced.  The  plant  have  recently  switched  the  cell 
sealant  to  a  sihcone  based  product,  which  is  used  as  old  sealant  is  replaced. 

A  second  potential  source  is  oil  and  grease  from  various  sources,  that  is  present  in 
wastewater  from  the  plants  mercury  retort  area.  This  wastewater  is  treated  in  the 
wastewater  treatment  system. 

In  order  to  identify  an  appropriate  control  method,  an  audit  to  confirm  the  source  of 
organic  precursors  of  chlorinated  compounds  is  necessary.  Thus,  methods  for  their 
elimination  through  source  controls  such  as  materials  substitution  (e.g.  replacing  all 
sealant)  or  management  (e.g.  oil  and  grease  separation  or  best  management  practices) 
can  be  determined. 

Elimination  of  these  contaminants  through  an  audit  and  implementation  of  source 
control  is  recommended  under  BAT  Option  4. 

The  final  effluent  loading  data  in  Table  A2  indicates  that  only  a  fraction  of  many  of  the 
chlorinated  organics  and  dioxin  furan  compounds  are  originating  from  the  chlor-alkali 
process  effluent. 

A  careful  review  of  the  processes  and  raw  materials  used  at  the  plant  did  not  indicate 
a  potential  source  in  raw  materials  or  chemicals  of  these  contaminants  that  might 
contaminate  cooling  water  or  storm  water  generated  in  other  areas  of  the  plant,  which 
were  monitored  at  MISA  Control  Point  CO0300.  This  suggests  that  the  source  of 
contaminants  may  be  contaminated  soil  or  groundwater,  which  is  resulting  in 
contaminated  runoff.  The  fact  that  these  contaminants  were  also  detected  in  effluents 
containing  groundwater  seepage  at  the  Conpak  packaging  facility  on  the  ICI  site 
provides  additional  basis  for  this  conclusion. 

Until  the  source  of  these  pollutants  can  be  identified,  remediation  measures  cannot  be 
implemented.  To  this  end,  a  storm  water  control  study  is  recommended. 

10 
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It  is  noteworthy  that  two  pollutants,  hexachlorocyclopentadience  and  1,2,3- 
trichlorobenzene,  were  at  similar  levels  in  raw  water,  and  are  not  likely  originating  from 
the  plant. 


Oil  and  Grease 

The  mean  oil  and  grease  concentration  of  10  mg/L  in  chlor-alkali  plant  effluents 
measured  at  PR0400  is  likely  contributed  from  a  variety  of  sources,  since  lubricating 
and  heat  exchange  oils  are  general  usage  chemicals  at  the  plant.  A  detailed 
understanding  of  the  oil  sources  is  necessary  to  make  specific  recommendation  for  their 
control.  However,  because  of  the  nature  of  their  use,  the  general  recommendation  of 
in-plant  management  practices  will  incorporate  all  specific  recommendations. 

Oil  and  grease  levels  in  final  effluents  are  low,  and  not  at  practicably  treatable  levels. 
Again,  a  program  of  management  practice  for  control  of  oil  discharges  to  the  process 
sewer  at  the  plant  is  recommended. 

Management  practices  for  oil  and  grease  control  are  discussed  in  greater  detail  in 
Section  4.0. 


Phenolics 

Oil  and  grease  in  plant  effluents  are  a  likely  source  of  phenols,  since  no  other  general 
usage  chemicals  that  would  contain  this  group  of  compounds  are  reportedly  used  at  the 
plant.  Therefore,  phenol  contributions  from  plant  operations  would  also  be  reduced 
with  oil  and  grease  removal. 

Table  A3  also  shows  that  some  phenol  is  present  in  the  raw  water  source,  and  would 
not  be  reduced  with  in-plant  measures  for  oil  and  grease  control.  However,  the  phenol 
resulting  in  effluents  are  not  at  levels  that  have  been  demonstrated  as  practicably 
treatable,  and  therefore,  no  further  recommendations  for  their  removal  are  included  in 
BAT  Option  4. 


Sulphide 

Sulphide,  present  at  a  mean  concentration  of  228  \igfL  in  final  effluents  did  not 
originate  in  the  chlor-alkali  plant  effluent  stream.  Sulphide  compounds,  including 
sodium  hydrosulphide  and  PSR-2000™  are  produced  at  the  plant  and  use  raw  material 
sulphur  and  hydrogen  sulphide.  However,  effluents  are  not  generated  from  either 
process,  and  non-contact  cooling  water  or  condensate  are  not  a  likely  source  of 
sulphide.  The  plant  has  suggested  that  one  source  of  sulphide  is  the  CSj  moat  water 
from  the  storage  area  at  the  sodium  hydrosulphide  plant. 


11 

TOR/INORG3/995J1 


Sulphide  removal  using  chlorine  or  peroxide  is  a  well  established  treatment  step. 
Chloride  addition  must  be  carefully  controlled  to  avoid  toxic  residual  chlorine 
concentrations  in  effluents,  and  an  additional  dechlorination  step  will  be  required.  In 
both  cases  air  control  should  be  added  to  reduce  the  emissions  of  odorous  hydrogen 
sulphide  gases.  However,  since  the  probable  source  of  sulphide  contamination  is  storm 
water  runoff  as  a  result  of  fugitive  emission  or  raw  material  or  product  spills  during 
loading  or  unloading,  a  Storm  Water  Control  Study  is  recommended  for  the 
identification  and  control  of  sulphide  discharges  in  plant  effluents. 


Phosphorus 

Phosphorus  loadings  in  chlor-alkali  plant  effluents  and  final  efiQuents  from  ICI  are 
higher  than  those  in  raw  water,  indicating  a  contribution  from  plant  operations.  The 
most  likely  source  of  this  contribution  is  organic  phosphorus  based  water  treatment 
chemicals  used  as  corrosion  inhibitors  for  cooling  tower  make-up  water.  Although 
alternative  chemicals  could  be  considered,  these  would  also  add  chemicals  to  final 
effluents,  and  therefore,  the  relative  benefits  of  using  another  chemical  are 
questionable.   On  this  basis,  no  changes  to  the  existing  system  are  recommended. 


Chloride,  Fluoride  and  Sulphate 

Total  dissolved  solids,  primarily  chloride,  fluoride  and  sulphate,  were  contributed  to 
final  effluents  from  plant  operations.  The  main  source  of  chloride  is  likely  the  mercury 
treatment  plant  effluent,  which  includes  spent  brine.  Although  some  fluoride  and 
sulphate  are  also  generated  from  this  source,  loadings  are  also  contributed  from  other 
plant  areas. 

A  careful  review  of  the  processes  at  ICI  does  not  reveal  a  specific  source  of  sulphate  or 
fluoride,  and  an  audit  of  their  sources  is  necessary  to  identify  measures  for  their  control 
at  source. 

Methods  available  for  reducing  total  dissolved  sohds  in  wastewater  include  deep  well 
injection  and  treatment  for  total  dissolved  solids  removal.  The  feasibihty  of  deep  well 
injection  of  chlor-alkali  plant  or  fiinal  effluents  must  be  based  on  a  detailed  review  of 
the  geological  characteristics  of  the  injection  area.  Since  this  information  is  not 
available,  this  technology  was  not  considered  further  imder  BAT  Option  4. 

Treatment  methods  for  TDS  removal  include  evaporation,  membrane  processes  and 
electrodialysis.  Brine  concentration,  using  vapour  compression  evaporators  has  been 
widely  used  to  concentrate  effluents,  in  the  treatment  of  cooling  tower  blowdown  and 
other  concentrated  TDS  streams  in  the  electric  power  generating  industry,  allowing 
spray  drying  or  crystallization  of  concentrate  to  produce  a  residual  solid  requiring 
disposal.  The  resulting  high  quality  condensate  can  be  reused  in  the  plant  as  cooling 
tower  make-up  water,  without  requiring  additional  treatment.  Since  sulphate  and 
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fluoride  levels  are  not  excessive  in  the  final  effluent,  and  chloride  is  primarily  generated 
in  the  chlor-alkali  plant,  application  of  the  brine  concentrator  spray  drying  system  is 
recommended  for  the  chlor-alkali  plant  effluent  stream  (i.e.  PR04(X))  at  ICI. 

If  total  dissolved  solids  removal  were  to  be  considered  for  implementation  on  the  final 
plant  effluent,  rather  that  the  chlor-alkali  plant  effluent  only,  an  additional 
preconcentration  process,  such  as  reverse  osmosis  or  electrodialysis  would  be  required 
before  the  brine  concentrator  and  spray  dryer  or  crystallizer. 


Summary 

For  maximum  reduction  of  contaminants  in  ICI  Cornwall  effluents,  the  following 
technologies  are  recommended  under  BAT  Option  4: 

•  Settling  of  brine  mud  filter  press  wash  water  for  removal  of  TSS,  VSS 
and  insoluble  toxic  metal  precipitates. 

•  Tertiary  treatment  of  mercury  bearing  waste  streams  from  the  chlor-alkali 
process  with  a  mercury  specific  ion  exchange  resin. 

•  Source  identification  and  materials  change  or  best  management  practices 
for  elimination  of  discharges  of  trace  organic  compounds  and  dioxin  and 
furan  compounds  fi-om  chlor-alkali  plant  effluents. 

•  In-plant  management  practices  for  source  control  of  oil  and  grease 
discharges  into  process  sewers. 

•  Zero-discharge  of  chlor-alkali  plant  effluents  by  treatment  in  a  brine 
concentrator  and  crystallizing  system  for  maximum  reduction  of  total 
dissolved  solids,  particularly  chloride,  from  effluents. 

It  should  be  noted  that  in  spite  of  zero-discharge  of  chlor-alkali  process  effluents, 
upstream  treatment  processes  described  above  are  recommended,  for  the  following 
reasons: 

•  Mercury  is  volatile  and  would  be  not  be  removed  in  the  brine 
concentrator,  but  would  end  up  in  the  condensate. 

•  Concentrating  the  trace  organics  such  as  chlorinated  benzene  and  dioxin 
furans  in  the  chlor-alkali  plant  effluents  would  contaminate  the  residual 
solids,  which  would  in  effect  transfer  the  pollutants  from  one  medium  to 
another.  A  pollution  prevention  approach,  as  described,  is  more 
desirable. 
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The  zero-discharge  system  may  not  be  implemented  in  the  short  term, 
and  upstream  pollution  reduction  measures  should  therefore,  be 
implemented. 


3.5  BAT  Options  5 

BAT  Option  5  covers  those  technologies  that  move  the  plant  furthest  towards  zero- 
discharge  of  contaminants.  Rationale  for  developing  recommendations  for  BAT  Option 
5  are  discussed  with  respect  to: 

•  Mercury 

•  Chlor-alkali  plant 

•  Total  plant  effluents 


Mercury 

The  use  of  mercury  cells  for  chlor-alkali  manufacturing  has  been  essentially  phased  out 
in  the  U.S.  to  eliminate  the  discharge  of  asbestos,  lead  and  mercury.  In  the  mid-1970s, 
there  were  27  mercury  cells  plants  in  the  U.S.  (Ref.  2)  compared  to  16  in  1991  (Ref. 
6).  The  industry  has  essentially  switched  to  platinum-ruthenium  electrodes  with 
membrane  cells. 

In  general,  wastewaters  produced  in  the  membrane  cell  process  are  of  similar  quality  to 
the  mercury  cell  process.  Brine  muds  are  clarified  and  filtered  in  the  same  maimer, 
depleted  brine  is  discharged  and  wastewaters  also  include  cell  room  washdown  water. 
The  significant  difference  associated  with  the  membrane  cell  process  is  the  elimination 
of  mercury  from  process  effluents.  In  addition,  mercury,  which  is  ubiquitous  at  mercury 
cell  plants  because  of  its  volatility  and  the  significant  emissions  to  air  that  occur,  is 
eliminated  from  effluents. 

Zero-discharge  of  mercury  can  theoretically  be  achieved  with  the  implementation  of  a 
membrane  cell  process  at  ICI,  and  is  therefore,  recommended  under  BAT  Option  5. 

It  is,  however,  significant  to  note  that  true  elimination  of  mercury  from  discharges  is  not 
achieved  in  the  short-term.  Experience  has  shown  that  decommissioning  and  soil  clean- 
up of  mercury  at  new  diaphragm  cell  plants  that  had  been  converted  from  mercury 
cells  is  a  long-term  process  (Ref.  4,  Ref.  7). 


Total  Plant  Effluents 

ICI  have  examined  at  a  conceptual  level  the  possibility  of  achieving  zero-discharge  of 
non-process  related  streams  generated  at  the  plant.  Zero-discharge  can  be  achieved 
by: 
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•  Installation  of  a  cooling  tower  to  reduce  the  amoxint  of  once  through 
cooling  water  and  total  plant  discharges  (by  approximately  3,000  m-^/d) 
(Ref.  1).  New  cooling  towers  are  currently  being  brought  on-line  to 
reduce  intake  water  requirements. 

•  Passing  effluents  through  a  reverse  osmosis  unit  followed  by  an 
evaporation  unit,  and  a  spray  dryer  to  dry  the  concentrated  stream. 

•  Reuse  of  reverse  osmosis  effluents  and  evaporator  condensate  in  the 
plant. 

Since  the  implementation  of  the  membrane  cell  systems  and  the  chlor-alkali  effluent 
zero-discharge  system  will  likely  produce  effluent  contaminant  loading  not  significantly 
different  from  intake  water,  the  advantages  of  a  total  plant  effluent  zero-discharge 
system  are  not  apparent,  and  it  is  not  therefore,  included  under  BAT  Option  5. 


3.6 


Summary  of  BAT  Options 


Table  3  presents  a  summary  of  five  BAT  Options  recommended  for  ICI  Forest 
Products  in  Cornwall,  Ontario. 


Table  3 
Summary  of  BAT  Options  for  ICI  Forest  Products  in  Cornwall                  | 

OpUoB 

DennilioD 

Description 

1 

Least  cost  producing 
non-letbal  effluents 

•       No  change  to  existing  system. 

2 

U.S.  BAT 

•       Settling  of  brine  mud  filter  press  wash  water  in  chlor-alkali  plant. 

3 

Best  demonstrated  in 
Ontario 

•       No  change  to  casting  system. 

4 

Maximum  pollutant 
reduction 

•  Settling  of  brine  mud  filter  press  wash  water. 

•  Mercury  specific  ion  «change  treatment  of  contaminated  streams  in  the  chlor- 
alkali  plant. 

•  Source  identification  and  elimination  of  trace  chlorinated  organic  compounds  in 
the  chlor-alkay  plant 

•  In-plant  management  practices  for  control  oil  and  giease. 

•  Concentration  and  drying  of  chlor-alkali  plant  effluents  and  reuse  of  condensate 
in  plant 

5 

= 

Furthest  toward  zero- 
discharge  of  pollutants 

•  Conversion  of  chlor-alkali  process  to  membrane  celL 

•  In-plant  management  practices  for  control  of  oil  and  grease. 

•  Concentration  of  diying  of  chlor-alkali  plant  effluents  and  reuse  of  condensate  in 
plant 
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4.0  BAT  OPTIONS 

BAT  Options  1  and  3  were  defined  as  no  changes  to  the  existing  wastewater 
management  system  at  ICI.  BAT  Options  2,  4  and  5  are  described  in  the  following 
subsections. 


4.1  BAT  Option  2 

Description 

BAT  Option  2  involves  implementation  of  settling  of  the  brine  mud  filter  wash  water 
for  removal  of  TSS,  VSS  and  insoluble  metal  precipitates. 

The  plant  is  currently  commissioning  a  new  settler  for  the  wastewater  treatment  system, 
and  can  feasibly  use  the  old  settler  for  settling  of  this  wash  water,  with  minimal  capital 
expenditures  to  the  plant.  The  settler  has  a  15  m^  capacity,  and  would  therefore 
provide  7.5  hours  of  retention  time  for  the  wash  water  flows,  which  are  generated  at  a 
rate  of  2  rn^/h  for  10  hours  every  other,  day.  This  is  much  higher  than  typical  time  for 
settling  (Ref.  10),  and  since  the  solids  are  reported  to  be  very  settleable,  good  removal 
should  be  achievable.  Overflows  from  the  settler  would  be  discharged  through  Control 
Point  PR0400,  while  underflows  would  be  returned  to  the  brine  settler. 


Performance 

Treatability  tests  are  required  to  determine  the  removal  efficiency  of  TSS,  VSS  and 
metals  from  the  filter  wash  water  stream,  and  from  the  total  chlor-alkali  plant  effluent 
(PR0400).  Estimated  performance  is  based  on  achieving  U.S.  BAT  for  lead  and  zinc 
presented  in  Table  4. 


Costs 

Since  the  settler  proposed  for  sedimentation  of  filter  press  water  is  already  existing  at 
the  plant,  it  is  assumed  capital  expenditures  for  commissioning  it  for  this  purpose  would 
be  negligible.  Furthermore,  operating  requirements  are  also  expected  to  be  small. 
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Table  4 
Projected  Performance  for  Implementation  of  BAT  Option  2^ 

Panuneter 

Carrenl  Loading  at  PR0400^ 

Pnjectcd  Laadlns  PR04OO 

Loading  Rcdodfea 

TSS(kg/d) 
VSS  (kg/d) 
Mercuiy  (kg/d) 
Lead  (kg/d) 
Zmc(kg/d) 

152 

63 
0.021 
0.046 
0.020 

0.013^ 
0.045^ 
0.020^ 

147  (97%) 

61  (97%) 

0.008  (38%) 

>0.001  (>2%) 

>0.0  (>0%) 

Notes: 

1.  Projected  reduction  estimated  for  TSS.  VSS,  mercuiy  and  toxic  metals  not  currently  meeting  U.S.  BAT  guidelines. 

2.  Average  loading  for  12  months  MISA  Monitoring  Regulation  period  at  PR0400.   Data  for  mercury  based  on 
current  operation. 

3.  Assuming  achievable  effluent  concentrations  of  20  mg/L,  and  total  solids  loading  from  brine  filter  wash  water. 

4.  Assuming  TSS/VSS  ratio  for  total  loading. 

5.  Assumes  all  mercury  is  soluble,  and  therefore  mercury  removal  is  not  achievable.   However  achievable  mercury 
level  presented  is  based  on  current  wastewater  treatment  plant  operation  (i.e.  effluent  concentrations  <0.130 
mg/L). 

6.  Assumes  that  at  least  U.S.  BAT  limits  will  be  met  for  metals  not  achieving  limits. 

4.2 

4.2.1 

Description 


BAT  Option  4 

Chlor-Alkali  Process  Effluents 


Under  BAT  Option  4,  the  following  treatment  was  recommended  for  the  chlor-alkali 
process  effluents: 

•  Settling  of  brine  mud  filter  wash  water. 

•  Ion  exchange  treatment  of  mercury  bearing  wastewater,  which  includes 
efQuent  from  the  mercury  sulphide  treatment  plant  and  brine  mud  filter 
wash  water.  The  latter  stream  has  a  reported  mercury  concentration  of 
38  tig/L  (Ref.  5). 

Since  the  filter  wash  water  stream  does  not  have  mercury  concentrations  treatable  by 
the  sulphide  precipitation  process,  it  does  not  need  to  be  added  to  the  treatment  plant 
However,  solids  must  be  reduced  in  this  stream  to  a  sufficient  level  to  avoid  fouling  of 
the  ion  exchange  resin.  It  is  therefore  proposed  that  this  stream  be  settled  in  the  "old" 
settler,  as  described  under  BAT  Option  2,  and  enter  the  treatment  plant  just  upstream 
of  the  sand  filter,  as  shown  in  Figure  Al.  The  treatment  plant  reportedly  has  the 
capacity  to  treat  the  addition  volume  of  filter  wash  water. 

The  mercury  specific  ion  exchange  system  is  described  in  detail  in  the  General 
Technology  report  (Ref.  8).  Table  5  presents  design  details  for  ICI. 


17 


T0R/IN0RG3/99SJ1 


Table  S 

1 

Mercury  Specific  Ion-Exchange  System  Design  Details 

Component 

Value 

Flow  rate 

Resin  loading  rate  (volume  of  effluent  per  volume  of  resin  per  hour) 

Bed  depth 

Loading  rate 

Influent  mercury  concentration 

Regeneration  frequency 

229  mW 

38h-i 

1.2  m 

0.8  m/min 

130jig/L2 

>4  y 

Notes: 

1.           Capacity  of  treatment  plant. 

1           Based  on  current  operation.                                                                                                    || 

Performance 

The  mercury  specific  ion  exchange  resin  is  capable  of  achieving  5  \ig/L  mercury  in 
effluents  on  a  consistent  basis  (Ref.  8). 

Because  the  filter  wash  water  stream  will  be  treated  through  the  sand  filter,  and  GAC 
filter,  TSS  levels  will  be  reduced  in  effluent  to  2  mg/L,  the  reported  current  treatment 
plant  effluent  quality  (Ref.  1).   In  addition,  with  this  level  of  treatment,  toxic  metal 
removal  efficiencies  would  also  be  higher,  although  treatability  tests  are  required  to 
determine  these  efficiencies. 

Table  6  presents  the  estimated  loading  of  selected  parameters  at  PR0400  and  final 
effluent  CO0300  with  the  implementation  of  the  mercury  specific  ion  exchange  resin. 
K  the  proposed  system  were  implemented,  final  effluent  loadings  of  TSS  would  be 
reduced  77  percent,  and  mercury  loadings,  by  35  percent. 


Costs 

Because  the  proposed  settler  for  the  brine  filter  wash  water  is  existing  at  the  plant, 
costs  to  bring  it  on-line  and  to  install  connections  for  overflows  to  enter  the  sand  filter 
are  estimated  to  be  small.  Furthermore,  operating  costs  for  this  installation  are 
assumed  to  be  negligible. 

The  total  capital  cost  for  complete  implementation  of  a  mercury  specific  ion  exchange 
resin  capable  of  treating  the  full  wastewater  treatment  plant  capacity  is  estimated  at 
$890,000  (ENR  CCI  6343)1   Operating  costs  are  projected  to  be  negligible  (Ref.  8). 


Engineering  News  Reœrd  Construction  Cost  Index. 
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Table  6 
Projected  Performance  for  Implementation  of  Mercury  Specific  Ion  Exchange 

Resin 

PanuDcler 

Chlor-AlkaU  Efflueiil  PR0400 

Final  Eniaent  CO0300 

Coireot 
Qoalit;^ 

Pnjcdcd 
Q«dMy 

RcdocUoD 

Ciii'iciit 
Quality^ 

Pn>}edai 
QuUty 

Rédaction 

TSS  (kg/d) 
TSS  (mgA.) 

Mercuiy  (kg/d) 
Mercury  (mg/L) 

152 
600 

0.021 
0.139 

0^ 
2 

0.0006^ 
0.002^ 

>99% 
97% 

197 
48 

0.057 
0.015 

45 
11 

0.037 
0.009 

77% 
35% 

Notes; 

1.  Based  on  12  months  mean  data  for  MISA  Control  Points  PR0400  and  CO0300. 

2.  Based  on  achieving  5  ng/L  mercury  concentrations  in  110  wrid  of  flow. 

3.  Assumes  only  wastewater  treatment  plant  efDuent  and  filter  wash  waters  (estimated  total  100  m  /d)  contain 
mercury  which  would  be  reduced  to  0.005  mg/L.   When  mixed  with  other  effluents  at  PR0400,  diluted 
concentration  of  0.002  mg/L  is  estimated. 

4.  Includes  mercury  loading  currently  contributed  from  sources  other  than  PR0400. 

422 


Trace  Organics  Reduction 


Description 

The  complete  elimination  of  trace  organics  from  chlor-alkali  process  effluent  and  final 
effluents  should  be  achievable  with  elimination  of  the  source.  A  storm  water  control 
study  is  recommended  for  detection  of  sources  in  general  plant  effluents.  Two 
potential  sources  in  the  chlor-alkali  plant  have  been  identified  by  the  plant,  including 
the  cell  sealant  compound  and  oil  and  grease  in  effluents  from  the  retort  area.  An 
audit  is  recommended  to  confirm  their  source. 

Remediation  measures  will  vary,  depending  on  the  source  and  cannot  be  defined  in 
detail  at  this  time.  If  the  likely  source,  the  cell  sealant,  is  confirmed,  then  a  program 
for  complete  replacement  with  an  alternate  product  is  recommended.  It  should  be 
noted  that  the  plant  has  akeady  begun  to  replace  the  former  cell  sealant,  which  is 
suspected  source  of  chlorinated  organic  precursors,  with  a  silicone  based  product 


Performance 

As  discussed  earher,  the  chlor-alkali  plant  appears  to  be  one  source  of  trace 
chlorinated  organic  compounds  in  final  effluent.  Therefore,  implementation  of  source 
elimination  procedures  will  result  in  zero-discharge  of  these  contaminants  at  Control 
Point  CO0400.  Table  7  presents  the  projected  loading  reduction  for  the  contaminants 
of  concern.  Based  on  the  calculations,  3  to  50  percent  of  individual  containment 
loadings  would  be  reduced. 
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Il 

Table  7 

1 

Projected  Performance  for  Implementation  of  Source  Elimination  of  Trace         | 

Chlorinated  Organic^ 

Pmraioeler 

Chlor-AIUIt  Emocnl  PR0400 

Final  Efflacnl  CO0300 

Caireot 

Pnjedai 

Loading 

Curent 

Projcded 

l.Wi^l^ 

QaaUly^ 

QnaUty 

Redactioa 

QuMlltji 

Qsality 

RcdDctkMt 

Hecachlorobutadicne 

g/d 

0.07 

0 

100% 

0.44 

037 

16% 

•               ng/L 

345 

0 

100% 

110 

92.5 

Hesuchlorocyclopencadiene 

g/d 

0.01 

0 

100% 

0.06 

0.05 

17% 

ng/L 

37 

0 

100%. 

15.7 

13.1 

Hcxachlorobenzcne 

g/d 

0.04 

0 

100% 

030 

0.26 

3% 

ng/L 

182 

0 

100% 

74 

64 

Hexachloroetbaoe 

*              g/d 

035 

0 

100% 

3.8 

3.5 

9% 

ng/L 

U30 

0 

100% 

956 

868 

Octachlorostvrene 

g/d 

0.02 

0 

100% 

0.07 

0.05 

29% 

ng/L 

95 

0 

100% 

18 

1Z9 

Penuchlorobenzene 

g/d 

0.03 

0 

100% 

0.06 

0.03 

50% 

ng/L 

115 

0 

100% 

16.2 

8.1 

1,23-Trichlorobenzcne 

g/d 

0.01 

0 

100% 

0.06 

0.05 

17% 

ng/L 

34 

0 

100% 

13.8 

11.5 

li4-Trictilorol)cnzene 

g/d 

0.11 

0 

100% 

038 

0.27 

29% 

ng/L 

469 

0 

100% 

95 

68 

Total  TCDF 

mg/d 

1.7 

0 

100% 

0.004 

0.002 

42% 

Pg/L 

7.620 

0 

100% 

997 

573 

Ocuchlorodibenzo(uran 

mg/d 

0.0OO2 

0 

100% 

0.0005 

0.0003 

40% 

Pg/L 

760 

0 

100% 

113 

137 

Notes: 

1.               All  loadings  calcula 

ted  Crom  12  month  mean  coocentrations  and  ave 

rage  Dow  rale  a 

MISA  Control 

Points 

PR0400  and  COOS 

1'                         

00. 

Costs 

The  costs  of  carrying  out  the  audit,  including  analytical  work,  are  estimated  to  be  less 
than  $25,000.  The  costs  of  replacing  cell  sealant  were  not  available  from  the  plant  at 
the  time  of  report  writing.  If  the  source  is  wastewater  from  the  retort  area,  the  a 
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detailed  review  of  control  methods  is  necessary,  and  costs  for  implementation  of  these 
will  need  to  be  detennined  by  ICI. 


423  Management  Practices  for  Oil  and  Grease  Control 

Description 

Management  practices  for  control  of  oil  and  grease  discharges  carmot  be  specifically 
identified  without  a  detailed  understanding  of  the  plant,  and  potential  sources.  Some 
general  procedures  that  could  be  considered  include: 

•  Containment  of  high  risk  oil  leak  or  spill  locations. 

•  Placing  oil  absorbent  pads  or  socks  around  equipment. 

•  Using  oil  absorbent  pads  in  wastewater  collection  sumps  to  absorb  visible 
oil  sheens. 

•  Implementation  of  a  surface  oil  skimmer  on  the  wastewater  treatment 
plant  settling  tank. 

•  Other  methods,  depending  on  nature  of  discharge. 


Performance 

The  oil  and  grease  removal  performance  resulting  &"om  implementation  of  in-plant 
management  practices  was  arbitrarily  estimated  to  be  represented  by  the  "best"  month 
over  the  twelve  month  MISA  Monitoring  period.  Estimated  performance  is  presented 
in  Table  8.  It  is  assumed  that  phenolics  levels  are  directly  related  to  oil  and  grease 
levels. 


Costs 

Costs  for  implementing  management  practices  for  oil  and  grease  are  not  projected  to 
be  high.  However,  these  cannot  be  quantified  until  appropriate  practices  have  been 
defined. 
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Table  8 
Projected  Performance  for  Implementation  of  In-PIant  Management  Practices  for 
Oil  and  Grease  Control  in  the  Chlor-AlkaU  Plant                            { 

Parameter 

ChlorwAIkaU  Emueol  PRMOO 

Final  Effloent  CO0300 

Conrcnt 
QiuUty^ 

Q»aUty2 

LoMliiig 
Reduction 

Carmit 
Quality^ 

Projectel 
QoallljA 

LMHllnt 
RedocUoo 

OU  &  Grease  (kg/d) 
Oil  &  Grease  (mg/L) 

Phenols  (kg/d) 
Phenols  (ng/L) 

Zl 
9.8 

0.001 
4.6 

0.7 
33 

0.0O03 
1.5 

67% 
67% 

6.9 

1.8 

0.014 

•3.7 

<4.0 

<1 

0.008 
2.0 

>42% 
>42% 

Notes: 

1.  Based  on  12  months  mean  data  for  MISA  Control  Points  PR0400  and  CO0300. 

2.  Based  on  lowest  monthly  concentration  data  observed  over  12  month  monitoring  period,  and  12  month  mean 
Qow. 

4^.4 


Total  Dissolved  Solids  Removal 


Description 

Removal  of  the  total  dissolved  solids,  particularly  chloride,  from  chlor-alkali  plant 
effluents  (measured  at  PR0400)  can  be  achieved  with  the  implementation  of  a  vapour 
compression  evaporator  (brine  concentrator)  followed  by  a  crystallizing  evaporator  and 
centrifuge.  In  order  to  minimize  equipment  capacity  requirements,  segregation  of 
storm  water  runoff  flows  is  recommended.  Therefore,  the  system  would  be  designed  to 
treat  an  average  flow  rate  of  200  m^/d,  including  all  chlor-alkali  plant  discharges 
currently  monitored  at  PR0400  except  roof  runoff. 

The  brine  concentrator  and  crystallizing  system  is  described  in  the  general  technology 
report  (Ref.  9).  The  brine  concentrator  basically  involves  mixing  the  influents  stream 
with  a  recirculating  brine  slurry,  which  continuously  moves  to  the  top  of  evaporation 
tubes,  and  flows  down  to  a  sump,  vaporizing  as  it  falls.  The  vapour  is  compressed, 
condensed  on  the  outside  of  the  tube,  and  exits  the  unit  to  a  distillate  tank. 
Approximately  92  percent  of  distillate  is  recovered,  which  is  of  high,  demineralized 
quality  acceptable  for  reuse  in  the  plant  as  cooling  tower  make-up  water. 

The  concentrated  waste  slurry  from  the  brine  concentrator  is  conveyed  to  a  crystallizing 
evaporator  and  centrifuge,  where  the  remaining  water  is  evaporated.  The  dried  solids 
would  be  stored  in  a  water  tight  container,  until  being  disposed  in  a  secure  landfill. 
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Performance 

If  the  brine  concentrator  were  implemented  on  the  ICI  chlor-alkali  plant  effluent 
stream,  removal  of  all  contaminants  from  direct  discharge  would  be  achieved. 
However,  condensate  that  is  reused  at  the  plant  would  contain  volatile  pollutants, 
including  mercury  and  volatile  organics  (chloroform,  dibromochloromethane,  methylene 
chloride  and  1,2-dichloroethane)  which  would  be  ultimately  discharged  after  reuse. 
Table  9  presents  the  overall  loading  reduction  of  select,  target  parameters  that  would 
be  achieved  with  implementation  of  the  system. 


Table  9 

Projected  Performance  for  Implementation  of  Brine  Concentrator  and  Dryer  of 
Chlor-Alkali  Plant  EOluents 

Parameter 

Chlor-AlkaU  EflluenI  PRCMOO 

Final  Emoent  CO0300 

Carrent 
QuaUty^ 

ProJrctwJ 
Quality 

loading 
Redoclioa 

CiDTeot 
Quality^ 

Projected 
Qoalily 

Loading 
Reduction 

Flow  (m^/d) 

229 

292 

87% 

4,010 

3,810 

5% 

Mercury  (kg/d) 
Mercury  (mg/L) 

0.021 
0.139 

0.0006^ 
0.002^ 

97% 

0.057 
0.015 

0.037^ 
0.009^ 

35% 

Chloride  (kg/d) 
Chloride  (mg/L) 

3,688 
16,800 

0 
0 

100% 

3,942 
1,050 

254 
67 

94% 

Fluoride  (kg/d) 
Fluoride  (mg/L) 

03 
13 

0 
0 

100% 

4.9 

1.1 

4.6 
1.2 

6% 

Sulphate  (kg/d) 
Sulphate  (mg/L) 

293 
1300 

0 
0 

100% 

1,190 
293 

897 

235 

25% 

Notes; 

1.  Based  on  12  m 

2.  Estimated  mea 

3.  Based  on  impic 

onths  mean  data  for  MISA  Control  Points  PR0400  and  CO0300. 

n  storm  water  flow  at  PR0400. 

nnentation  of  mercury  specific  ion  exchange  resin- 

Costs 

The  total  cost  estimated  for  implementation  of  a  system  to  handle  200  m^d  is 
$2,600,000  (ENR  CCI  6343).  Operating  costs,  including  energy  and  disposal  of  7  t/d  of 
dried  solids,  are  estimated  at  $900,000  (1991)  per  annum. 


4.2.5 


Summary  of  BAT  Option  4 


Table  10  presents  a  summary  of  recommendations,  and  their  estimated  costs,  and 
projected  performance  with  respect  to  ICI  final  effluent  loadings  at  MISA  Control 
Point  CO0300. 
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Implementation  of  BAT  Option  4  will  cost  an  estimated  $3.4  million  capital  and 
$900,000  per  year  operating. 


Table  10                                                            1 
Summary  of  Costs  and  Performance  of  BAT  Option  4                          | 

Cost^ 

Parameter 

Carrent 

LowUngal 

CO0300 

Pnjeeua 

Umdlngal 

CO0300 

Loadli^ 
Rcdactioa 

Upstream  settling  of 
filter  wash  water  and 
treatment  of  mereury 
wastes  in  ion- 
exchange  unit 

$890,000  capiul 

negligible 

operating 

TSS  (kg/d) 
Mercury  (kg/d) 

197 
0.057 

45 
0.037 

77% 
35% 

Source  elimination 
of  chlorinated 
organics  In  chlor- 
alkali  efQuent  stream 

>S25,0O0 

Hexachlorobutadiene  (g/d) 
Hexachlorocydopeniadiene  (g/d) 
Hexachlorobenzene  (g/d) 
Hexachloroethane  (g/d) 
Octachlorostyrene  (g/d) 
Pentachlorobcnzene  (g/d) 
1,23-Trichlorobenzene  (g/d) 
1,2,4-Trichlorbcnezene  (g/d) 
Total  TCDF  (mg/d) 
Octachlorobenzofuran  (mg/d) 

0.44 

0.06 

030 

3.8 

0.07 

0.06 

0.06 

038 

0.004 

0.0005 

037 

0.05 

0.26 

3J 

0.05 

0.03 

0.05 

0.27 

0.002 

0.0OO3 

16% 
17% 
3% 
9% 
17% 
50% 
17% 
29% 
42% 
40% 

Management 
practices  for  oil  and 
grease  control 

Undefined 

Oil  &  Grease  (kg/d) 
Phenols  (kg/d) 

6.9 
0.014 

<4.0 
<0.008 

>42% 
>42% 

Evaporation  and 
drying  of  chlor-alkali 
plant  effluents 

$2,500,000  capiul 

$900,000 

operating 

Chloride  (kg/d) 
Fluoride  (Icg/d) 
Sulphate  (kg/d) 

3,942 

4.9 

1,190 

254 
4.6 
897 

94% 

6% 
25% 

Total  Cost 

>S3,41S,000 
cmpiiat 
$900,000 
operallog 

Notes; 

1.             All  costs  are  order-of-magnitude  estimates. 

43  BAT  Option  5 

Description 

The  following  technologies  were  recommended  under  BAT  Option  5: 

•  Conversion  of  mercury  cell  process  to  membrane  cell. 

•  Management  practices  for  source  control  of  oil  and  grease. 
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•  Concentration  and  drying  of  chlor-alkali  plant  effluents  and  reuse  of 
condensate  in  the  plant. 

The  former  technology  is  discussed  below,  while  the  latter  two  are  the  same  as  those 
presented  xmder  BAT  Option  4.  Therefore,  performance  with  respect  to  oil  and 
grease,  phenols,  total  dissolved  solids  and  trace  chlorinated  organics  would  be  the  same 
as  estimated  for  implementation  of  BAT  Option  4. 

A  review  of  the  conversion  process  to  a  membrane  cell  plant  was  based  on  one  Canada 
plant,  recently  converted  in  1990.  The  site  visit  information  report  provides  detailed 
(Ref.  4).     . 

In  the  case  reviewed,  conversion  made  use  of  much  of  the  equipment  from  the  mercury 
cell  plant,  including  rectifiers,  transformers,  salt  storage  and  brine  treatment  systems, 
and  chlorine  liquidification  facilities.  The  operation  of  chorine  production  facilities  was 
only  halted  for  two  months  between  shut-down  of  the  old  process  and  start-up  of  the 
new  process. 

Several  savings  in  operating  costs  were  realized  with  the  membrane  cell  operation 
including: 

•  Energy 

•  Labour 

•  Hazardous  waste  disposal 

•  Mercury  monitoring  costs 

•  Eventual  eliiriination  of  mercury  treatment  plant. 


Performance 

The  conversion  of  mercury  cell  to  membrane  cell  process  will  completely  eliminate  the 
discharge  of  mercury  from  air  and  wastewater  emissions  from  the  treatment  plant. 
Table  11  presents  the  projected  loading  reduction. 

It  is  important  to  note  that  deconraiissioning  of  the  old  mercury  site  will  likely  require 
long  term  contintiing  treatment  of  contaminated  groimd  water  and  runoff  for  mercury 
removal  A  treatment  system  consisting  of  the  existing  mercury  sulphide  precipitation 
plant  plus  the  mercury  specific  ion  exchange  resin  can  be  used,  and  would  result  in 
effluent  discharge  concentrations  of  0.005  mg/L  mercury.  Loadings  will  be  based  on 
flow  rates. 
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Table  11 
Projected  Performance  for  Implementation  of  Membrane  Cell  Process  for 

Chlorine  Production^                                                      1 

Parameter 

Chior>AIkB]t  Effluent  PR0400 

Final  EfflDCfit  cbo300                      | 

Carreot 

ProJeel«J 
QuaUtj 

Loadioc 
ReducUoo 

Carreat 
QuaUly2 

Projecied 
Qsallty 

T  narllni 
BedKlkm 

Mercury  (kg/d) 
Mercury  (mg/L) 

0.021 
0.139 

0.0 
0.0 

100% 
100% 

0.057 
0.015 

0.0 
0.0 

100% 
100% 

Notes: 

1.               Performance  does  not  include  loading  from  site  decommissiomng  project. 

Z               Based  on  12  month  mean  dau  for  MISA  Control  Poinu  PRWOO  and  CO0300. 

Costs 

The  total  cost  for  converting  the  existing  mercury  well  chlor-alkali  plant  at  ICI  to  a 
membrane  cell  process  is  estimated  at  $34,000,000  (ENR  CCI  6343)  (Réf.  4).  This  cost 
should  be  considered  order-of-magnitude,  and  is  variable  depending  on  the  level  of 
reuse  of  equipment  from  the  mercury  cell  plant. 

Operating  costs  or  savings  associating  with  the  membrane  cell  facility  were  not 
available. 

Table  12  summarizes  the  costs  of  BAT  Option  5  technologies.  The  total  estimated 
capital  cost  is  $36.5  million  (ENR  CCI  6343). 


Table  12                                                               1 
Summary  of  BAT  Option  5  Costs                                         | 

Technology 

Capital  Cost^ 

Opeiratlns  Cost  ($1991) 

Conversion  of  mercury  cell  process  to  membrane  cells. 
Best  management  practices  for  oil  and  grease  control 
Evaporation  and  diving  of  chlor-alkali  plant  efDuenis. 

$34,000,000 
Undefined 
$2.500,000 

Undefined 

Undefined 

S900,000 

Total 

$36^500,000 

$900,000 

Notes: 

1.              ENR  CCI  6343. 

5.0 


SUMMARY  OF  COSTS  AND  PERFORMANCE  OF  BAT  OPTIONS 


Table  13  presents  a  summary  of  the  costs  and  pollutant  loading  reduction  estimated  for 
each  BAT  Option. 
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APPENDIX 
Tables  and  Figures 


Table  AI ,  ICI  Canada  lnc.(Comwall) 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO-0300 
Description:  LEL-2 

Contaminant 

Units 

Concentration  over  12  Montti 
SamplngPeriod 

Loacfing 
(kg«) 

Minimum 

Maxinuni 

Mean 

Flow 

m3/d 

1230 

8450 

4010 

COD 

mg/L 

13 

200 

65 

239.074 

Total  Kjeldahl  Nitrogen 

mg/L 

0.355 

0.8 

0.484 

2.027 

Nitrate  and  Nitrite 

mg/L 

0.025 

86 

1.977 

7.839 

DOC 

mg/L 

1.65 

7.4 

3.9 

16.109 

TOC 

mg/L 

2.1 

23.1 

5.29 

22.674 

Total  Phosphorus 

mg/L 

0.02 

0.599 

0.201 

0.804 

Specific  Conductance 

uS/cm 

4 

41300 

3050 

Total  Suspended  Solids 

mg/L 

3 

449 

48 

197.431 

VSS 

mg/L 

1 

30 

19.8 

92.106 

Aluminum 

ug/L 

27 

390 

139 

0.598 

Boron 

ug/L 

17 

830 

A^^ 

0.997 

Cadmium 

ug/L 

0.2 

,^K\^ 

t.^\é-^ 

0.035 

Chromium 

ug/L 

t^ 

^  "^"^^ 

\.^^^22 

0.084 

Copper 

ug/L 

w 

r&^^^ 

20 

0.082 

Lead 

ug/L 

10 

350 

53 

0.207 

Strontium 

ug/L 

550 

4600 

3240 

14.326 

Zinc 

ug/L 

8 

585 

29 

0.11 

Mercury 

ug/L 

0.2 

372 

15 

0.057 

Phenolics  (4AAP) 

ug/L 

1.3 

11 

3.69 

0.014 

Sulphide 

ug/L 

10 

560 

228 

0.85 

Dibromochloromethane 

ug/L 

0.4 

4.25 

0.81 

0.004 

Chloroform 

ug/L 

5 

48 

10.4 

0.043 

H  exach  to  rotxjtadiene 

ng/L 

2.3 

881 

110 

0.0004411 

Hexachtorocyctopentadiene 

ng/L 

3.8 

23.5 

15.7 

0.0000630 

Hexachlorobenzene 

ng/L 

3.6 

573 

74 

0.0002967 

Hexachtoroethane 

ng/L 

3 

9140 

956 

0.0038336 

Octachtorostyrene 

ng/L 

1.2 

102 

18 

0.0000722 

Pentachlorobenzene 

ng/L 

1.1 

52.2 

16.2 

0.0000650 

1 ,2,3-Trichtorobenzene 

ng/L 

2 

44 

13.8 

0.0000553 

1 ,2,4-Trichtorobenzene 

ng/L 

1.8 

703 

95 

0.0003810 

Total  TCDF 

pg/L 

7.5 

2400 

997 

0.0000040 

Octachloroditîenzofuran 

pg/L 

22 

340 

113 

0.0000005 

Oil  and  Grease 

mg/L 

0.9 

9.1 

1.79 

6.926 

Chloride,  Unfittered  Reactive 

mg/L 

104.4 

5220 

1050 

3942.453 

Fluoride,  Unfittered  Reactive 

mg/L 

0.93 

1.35 

1.12 

4.898 

Sulphate.  Unfittered  Reactive 

mg/L 

28 

836 

298 

1190.513 

Table  A2.  ICI  Canada  Inc.  (Cornwall) 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  PR0400 
Descripbon:  Manhole  15 

Cortaminant 

Units 

Concentration  over  12  Month 
Sampf  ng  Period 

Loading 
(kQ/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

19.7 

6700 

229 

COD 

mg/L 

77 

1200 

593 

153.504 

Cyanide  Total 

mg/L 

0.002 

1.55 

0.392 

0.059 

Hydrogen  Ion  (pH) 

7.4 

11.5 

8.8 

Total  Kjeldahl  Nitrogen 

mgA- 

0.21 

1.4 

0.537 

0.12 

Nitrate  and  Nitrite 

mg/L 

0.025 

.      3.8 

0.444 

0.094 

DOC 

mg/L 

3.25 

35 

10.936 

2.242 

TOC 

mg/L 

8.9 

30 

14.3 

3.148 

Total  Phosphorus 

mg/L 

0.13 

3 

0.727 

0.172 

Specific  Conductance 

uS/cm 

1490 

69800 

19600 

Total  Suspended  Solids 

mg/L 

4 

9400 

600 

152.32 

VSS 

mg/L 

11 

500 

243 

62.875 

Aluminum 

ug/L 

26 

7380 

502 

0.102 

Boron 

ug/L 

280 

1760 

V  ô^^s 

0.157 

Beryllium 

ug/L 

1.6 

aKvÔ^' 

\\0^° 

0.002 

Cadmium 

ug/L 

^ 

'^^     2S 

caS)^®7.8 

0.002 

Cobalt 

ug/L 

>.e  ^^^ 

34.6 

0.008 

Chromium 

ug/L 

62 

32 

0.006 

Copper 

ug/L 

3 

119 

37 

0.008 

Molytxlenum 

ug/L 

5 

93 

28 

0.005 

Nickel 

ug/L 

3.3 

168 

47 

0.011 

Lead 

ug/L 

5 

1140 

183 

0.046 

Strontium 

ug/L 

860 

9800 

3860 

1.034 

Thallium 

ug/L 

25 

144 

56 

0.013 

Vanadium 

ug/L 

11 

260 

71 

0.021 

Zinc 

ug/L 

10 

783 

97 

0.02 

Arsenic 

ug/L 

3 

23.5 

7.8 

0.002 

Chromium  (Hexavalent) 

ug/L 

3.1 

17 

10 

0.002 

Mercury 

ug/L 

7.5 

5500 

139 

0.021 

Phenolics  (4AAP) 

ug/L 

1.35 

17.7 

4.58 

0.001 

Dibromochloromethane 

ug/L 

0.42 

5.1 

2.74 

0.001 

Chloroform 

ug/L 

4.38 

41 

20 

0.004 

Methylene  Chloride 

ug/L 

0.92 

8.9 

3.98 

0.001 

1,2-DichlorDethane 

ug/L 

0.51 

1.165 

0.829 

0.000189 

Hexachlorobutadiene 

ng/L 

2.3 

1180 

345 

0.000079 

Hexachlorocyclopentadiene 

ng/L 

8 

105 

37 

0.000008 

Hexachloro  benzene 

ng/L 

3.6 

722 

182 

0.000041 

Hexachloroethane 

ng/L 

14 

7250 

1530 

0.000350 

Octachlorostyrene 

ng/L 

1.2 

393 

95 

0.000021 

Pentachlorobenzene 

ng/L 

4 

414.5 

115 

0.000026 

TaWe  A2,  IGI  Canada  Inc.  (Cornwall) 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  PR0400 
Description:  Manhole  15 

Contaminant 

Units 

Concentration  over  12  Month 
Samping  Period 

Loading 
(kfl^d) 

Minimum 

Maximum 

Mean 

2,4,5-Trichlorotoluene 

ng/L 

1.4 

152 

44.8 

0.000010 

1 ,2,3-Trichlorobenzene 

ng/L 

3.2 

109 

34 

0.000007 

1 ,2,3,4-Tetrachlorobenzene 

ng/L 

1.2 

110 

27 

0.000006 

1 ,2,3,5-Tetrachtorobenzene 

ng/L 

2.1 

91.8 

13.5 

0.000003 

1 ,2,4-Trichlorobenzene 

ng/L 

2.4 

1960 

469 

0.000107 

1 ,2,4,5-Tetrachlorobenzene 

ng/L 

1.1 

.      112 

21.5 

0.000004 

Total  TODD 

pg/L 

11 

520 

ds^^^^ 

0.000000 

Total  TCDF 

pg/L 

7.5 

v.A9«^ 

'^,7620 

0.000001 

Total  PCDD 

pg/L 

^  ^  '  |V^"^ÇO\Ôy^^'  476 

0.000000 

Total  PCDF 

pg/L 

i3e 

ftW^O 

2900 

0.000000 

Total  H6CDD 

pg/L 

S* 

190 

60 

0.000000 

Total  H6CDF 

pg/i- 

15 

5200 

1210 

0.000000 

Total  H7CDF 

pg/L 

20 

4700 

1140 

0.000000 

Octachlorodibenzofuran 

pg/L 

22 

3700 

760 

0.000000 

Oil  and  Grease 

mg/L 

0.9 

47.6 

9.8 

2.048 

Chloride,  Unfiltered  Reactive 

mg/L 

4900 

29000 

16800 

3688.372 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.88 

1.89 

1.31 

0.323 

Sulphate,  Unfiltered  Reactive 

mg/L 

770 

1600 

1300 

293.597 

Table  A3,  ICI  Canada  lnc.(ComwaIO 

Summary  of  Rows  and  Priority  One  Pollutants 
MISA  Control  Point  IN-0200 
Description:  Intake 

Contaminant 

Units 

Concentration  over  12  Month 
Sampling  Period 

Minimum 

Maximum 

Mean 

Nitrate  and  Nitrite 

mg/L 

0.16 

0.94 

0.37 

DOC 

mg/L 

1.9 

6.5 

3.8 

Specific  Conductance 

uS/cm 

157 

283 

229 

Aluminum 

ug/L 

27 

155 

81 

Beryllium 

ug/L 

12 

14 

12.2 

Cadmium 

ug/L 

9 

Ad^^^ 

9 

Copper 

ug/L 

•cA^^ 

^^  x\ê^ 

17 

Molybdenum 

"9/Hi« 

ii  ^'^yl 

,  \3y^^2 

32 

Thallium 

ug/LV^ 

'q^^^ 

^            33 

33 

Vanadium 

ug/L 

S^       67 

67 

67 

Zinc 

ug/L 

10 

36 

14.4 

Phenolics  (4AAP) 

ug/L 

2 

3.5 

2.4 

Dibromochloromethane 

ug/L 

0.4 

2.2 

0.93 

Chloroform 

ug/L 

4.1 

11.7 

7.8 

Hexachlorocyclopentadiene 

ng/L 

17 

17 

17 

1 ,2,3-Trichlorobenzene 

ng/L 

2 

37.5 

11.3 

Chloride,  Unfiltered  Reactive 

mg/L 

21.4 

31 

23.6 

Sulphate,  Unfiltered  Reactive 

mg/L 

24.3 

30 

26.6 

Table  A4 

Toxicity  Data  for  ICI  (Cornwall)  for  the  First  Six  Months  of  MISA 

Monitoring  Regulation 

Test  Species 

Number  of  Samples 

Range  of  Lethal 
Concentration  Data 

Number  of  Non-lethal 
Samples 

Rainbow  Trout 

6 

non-letbal 

6 

Daphnia  magna 

3 

non-lethal 

3 
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APPENDIX  12 
ICI  Nitrogan  Products,  Lambton  Works 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

ICI  NITROGEN  PRODUCTS,  LAMBTON  WORKS 

1.0  PLANT  DESCRIPTION 

The  ICI  Nitrogen  Products,  Lambton  Works  plant  manufactures  anhydrous  ammonia, 
urea,  sulphur  coated  urea,  ammonium  nitrate,  ammonium  nitrate  prills,  nitrogen  sol- 
utions and  liquified  carbon  dioxide. 

The  plant  uses  intake  water  from  the  St.  Clair  River  for  once  through  non-contact 
cooling,  cooling  tower  make-up  water,  wash  water,  barometric  condenser  cooling  water 
and  boiler  feed  water.  Boiler  feed  water  is  demineralized  in  an  ion-exchange  treatment 
system  prior  to  use.  Water  treatment  chemicals  are  added  to  boiler  feed  water  and 
cooling  tower  make-up  water. 

Details  on  the  plant  processes  and  wastewater  management  are  presented  in  the  site 
visit  report  (Ref.  1). 

2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

Sources  of  process  wastewaters  generated  in  the  various  manufacturing  processes 
include: 

•  Steam  condensate  from  the  ammonia  plant  that  has  been  treated  in  a 
steam  stripper. 

•  Cooling  water  from  the  barometric  condenser  used  to  condense  contam- 
inated water  vapour  produced  in  the  ammonia  nifrate  production  unit. 

•  Wash  water  used  to  clean  a  clay  bin  in  the  ammonium  nitrate  prills  unit. 

•  Other  minor  sources  that  are  generated  on  an  irregular  basis,  such  as 
spills,  leaks,  and  leakage  into  once  through  cooling  water  systems. 

Discharges  are  also  generated  at  the  plant  from  a  number  of  non-process  related 
sources,  including: 

•  Non-contact  steam  condensates. 

•  Once  through  non-contact  cooling  water. 
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•  Cooling  tower  blowdown. 

•  Boiler  blowdown. 

•  Raw  water  ion  exchanger  regeneration  wastewater  that  has  been  neutral- 
ized. 

Table  1  presents  the  sources  of  discharges  monitored  under  the  MISA  Monitoring 
Regulation  at  the  following  Control  Points: 


PR0300 
CO0500 
OT0600 
CO0700 
CO0800 
OTllOO 
OT1200 


Table  1 
Discharge  Sources  at  ICI  Nitrogen  Products,  Lambton  Works 

Manufacturing 
Unit 

Waslewaler  Source 

Flow  Rate 

Destination 

Ammonia  2  and 
Argoo  Plant 

Steam  condensate  (treated  in  a  steam  stripper) 

Cooling  tower  blowdown 

Neutralized  ion  exchanger  regeneration  wastes 

Once  through  non-contact  cooling  water  from  Argon  Plant 

326 

480 

65 

10^00 

CO0800 
CO0500 
CO0800 
CO0800 

Nitric  Add  Plant 

Once  through  non-contact  cooling  water  from  absorption  tower 
and  compressoR 

Boiler  blowdown 

not  provided 
not  provided 

CO0700 
CO0700 

Urea  Liquor  1 

Steam  condensate  (non-contaa) 

Once  through  non-contact  cooling  water 

288 
13,000 

CO0700 
CO0700 

Urea  Liquor  2 

Steam  condensate  (non-contaa) 

Once  through  non-conua  cooling  water 

525 
30,000 

CO0700 
OT0600 

Ammonium  Nitrate 
Liquor  and  Nitro- 
gen Solutions 

Contact  cxxjling  water  bom  barometric  condenser 
Once  through  non-contact  cooling  water 

4,400 
550 

PR0300 
CO0500 

Ammonium  Nitrate 
Prills 

Steam  condensate  (non-contaa) 
Washdown  of  clay  bin 

180 
39 

CO0500 
PR0300 

Ammonia  Storage 

Once  through  non-contaa  cooling  water  &t5m  compressor  cooling 

9,000 

OT1200 
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In  addition,  all  of  the  plant  effluents,  including  storm  water  from  process  areas,  are 
combined  for  final  discharge,  and  were  monitored  at  Control  Point  CO0200.  Storm 
water  rtinoff  from  most  contaminated  site  areas  is  collected  in  a  basin  and  are  bled  into 
the  final  effluent  stream  prior  to  the  monitoring  point. 


2^  Wastewater  Flow  and  Quality 

Tables  Al  to  A8  present  average,  maximum  and  minimum  flow  and  concentration  data 
for  those  parameters  considered  to  be  "Priority  1"  by  the  Ministry  of  the  Environment 
for  the  MISA  Control  Points  at  ICI  Lambton  Works.  Table  A9  presents  intake  water 
quality  data. 


3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  runoff^,  were  considered  for 
each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  1         -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 


Storm  water  ninoQ  quality  licnits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct  a 
Storm  Water  Qintrol  Study  at  each  site. 
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Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  subsections. 


3.1  BAT  Option  1 

Toxicity  data  collected  and  verified  for  the  first  six  months  of  the  MISA  Monitoring 
Regulation  period  by  the  Ministry  of  the  Environment  are  presented  in  Table  AlO. 
Tests  on  samples  of  the  final  effluent  from  Control  Point  CO0200  were  carried  out  on 
rainbow  trout  and  Daphnia  magna.  Results  from  seven  rainbow  trout  tests  showed  the 
samples  were  non-lethal,  while  two  of  three  tests  on  Daphnia  magna  also  produced 
non-lethal  results.  The  lethal  concentrations  for  the  third  test  was  >  100  percent. 

The  data  shows  that  the  existing  wastewater  management  system  produces  an  effluent 
which  is  essentially  non-lethal,  and  therefore,  no  changes  to  the  existing  system  were 
included  under  BAT  Option  1. 


32  BAT  Option  2 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  Part  418  Fertilizer 
Manufacturing,  limits  were  defined  based  on  BAT  for  discharges  from  the  manufactur- 
ing of  ammonia,  nitric  acid,  urea  and  ammonium  nitrate.  These  are  presented  in  Table 
2.  A  discussion  of  each  category  compared  to  U.S.  BAT  is  presented  below. 


Ammonia  Manufacturing 

The  technology  basis  for  the  development  of  U.S.  BAT  effluent  guidelines  was  the 
treatment  of  condensate  produced  in  the  process  by  steam  stripping  followed  by  high 
flow  air  stripping  or  biological  nitrification  (Ref.  2,  Ref.  3).  ICI  has  recently  imple- 
mented steam  stripping  of  this  condensate.  The  stripper  was  not  operating  for  approxi- 
mately one  month  during  the  MISA  monitoring  period.  However,  a  comparison  of  the 
effluent  quality  from  the  plant  over  the  12  months  of  monitoring  in  Table  3  shows  that 
effluents  did  meet  U.S.  BAT  limits.  Therefore,  no  changes  to  the  ammonia  plant 
wastewater  treatment  system  are  recommended  for  BAT  Option  2. 

It  is  important  to  note  that  ammonia  discharges  to  the  atmosphere  as  a  result  of  steam 
stripping  or  air  stripping  were  not  addressed  in  the  U.S.  Development  Document  (Ref. 
2). 
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Table  2 
U.S.  BAT  Effluent  Limits  For  Nitrogen  Fertilizer  Manufacturing 

l)^  EOIacal  Umlli                                                  | 

MazimomDay 

AfcnceDay                        | 

Ammonia  Manufaclaring                                                                                        | 

Ammonia  -  N  (kg/t/d)^ 
pH 

0.05 
6.0-9.0 

0.025 
6.0-9.0 

Urea  Manufacturing 

Ammonia  -  N  (kgA/d) 
Organic  -  N  (kgA/d) 

0.95 
0.61 

0.48 
033 

Ammonium  Nitrate  Manufacturing 

Ammonia  -  N  (kgA/d) 
Nitrate  -  N  (kgA/d) 

0.08 
0.12 

0.04 
0.07 

Nitric  Acid  Manufacturing 

Ammonia  -  N  (kg/t/d) 
Nitrate  -  N  (kg/t/d) 

0.0045 
0.17 

0.00045 
0.023 

Notes: 

1.               Kilogram  of  contaminant  per  tonne  of  production  capacity  per  day. 

Table  3 

Comparison  of  U.S.  BAT  Effluent  Limits  for  Ammonia  Manufacturing 

To  Effluent  Loadings  at  ICI 

Parameter 

U^BAT 

MISA  Monitoring  Period^ 

Maximum  Day 

30  Day  Average 

Maximum  Day 

X2  Month  Average 

Ammonia  -  N  (kg/d)^ 
pH 

225 
6.0-9.0 

75 
6.0-9.0 

523 
6.4-9.0 

41 
7.8 

Notes: 

1.  Data  from  MISA  Control  Point  0800,  includes  steam  stripper  efOuents,  once  through  cooling  water  and  ion 
ecchanger  regeneration  water. 

2.  Calculated  using  ammonia  production  capacity  at  ICL 

3.  Calculated  from  maximum  concentration  and  average  Qow  data. 

Nitric  Acid  Manufacturing 

The  best  practicable  control  technology  (BPT)  for  the  control  of  wastewater  generated 
in  the  production  of  nitric  acid  was  defined  as  containment  (Ref.  2).  Leaks  and  spills 
were  considered  controllable,  and  reusable  in  other  areas  of  a  nitrogen  fertilizer  com- 
plex. Despite  this  observation,  BAT  limits  were  established  for  effluents  from  nitric 
acid  production,  excluding  non-process  waters,  as  shown  in  Table  2. 
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There  are  no  routine  process  related  discharges  from  the  production  of  nitric  acid  at 
ICI,  Lambton  Works.  Wash  water  and  spills  from  this  areas  are  reused  in  the  produc- 
tion of  liquid  nitrogen  products.  Therefore,  no  changes  to  the  existing  nitric  acid 
wastewater  management  system  are  recommended  in  BAT  Option  2  for  the  plant 


Ammonium  Nitrate 

The  U.S.  Development  Document  (Ref.  2)  recommended  that  BAT  effluent  limits  in 
the  ammonium  nitrate  subcategory  could  be  achieved  with  leak  control,  spill  control 
and  good  housekeeping.  Reduction  of  contaminants  in  process  condensates  could  be 
achieved  through  reuse  of  the  condensate  as  absorber  feed  in  the  nitric  acid  plant. 

At  the  ICI  plant,  routinely  generated  wash  water,  spills  etc.  are  not  discharged  with  the 
exception  of  wash  water  from  a  clay  bin,  as  they  are  reused  in  the  production  of  nitro- 
gen solutions.  A  barometric  condenser  is  used  to  condense  steam  from  the  ammonium 
nitrate  evaporators. 

Table  4  compares  U.S.  BAT  effluent  limits  to  the  quahty  of  wastewater  produced  from 
the  manufacture  of  ammonium  nitrate  prills  and  ammonium  nitrate  liquor.  U.S.  limits 
are  not  currently  being  met  by  ICI. 


Table  4 

Comparison  of  U.S.  BAT  ECfluent  Limits  to  Process  Effluent  Quality 

From  the  Ammonium  Nitrate  Production  Unit  of  ICI 

Parameter 

,     U.S  BAT 

MISA  MoDitoring  Period^ 

MAximmn  Da; 

aODayATcragr 

MoxinnunDaf 

12  Moolh  Mean 

Ammonia  -  N  (kg/d)" 
Nitrate  -  N  (kg/d)^ 

78.4 
117.6 

39.2 
68.6 

9513^ 

118  J 
135.6 

Notes: 

1.  Based  on  data  from  MISA  Control  Points  PR0300  and  CO0500. 

2.  Calctilated  using  ammonium  nitrate  production  capacity  at  ICL 

3.  Based  on  maximum  concentration  and  mean  Qow. 

They  would,  however,  be  met  if  the  barometric  condenser  stream,  and  the  washdown 
water  for  the  clay  bin,  contributing  a  total  of  97  kg/d  of  ammonia  (as  measured  at 
PR0300),  were  not  discharged.  The  following  methods  for  eliminating  these  discharges 
are  currently  being  considered  by  ICI: 

•  Replacing  the  barometric  condenser  with  a  surface  condenser,  and  re- 

using the  small  volume  of  concentrated  condensate  in  the  production  of 
products. 
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•  Evaluating  water  use  in  the  clay  bin  washing  operation,  and  either  elimin- 

ating water  use  or  reusing  water  in  the  production  of  products. 

The  above  mentioned  technologies  for  eliminating  effluents  measured  at  PR0300  from 
plant  discharges  were  include  in  BAT  Option  2,  to  meet  U.S.  BAT  effluent  limits. 
These  are  discussed  in  detail  in  Section  4.0. 


Urea  Manufacturing 

At  ICI,  process  wastewaters  such  as  condensates  and  washwaters  are  for  the  most  part 
collected  and  reused  in  the  production  of  liquid  nitrogen  solutions.  Therefore,  on  a 
technology  basis,  the  fact  that  there  are  no  discharges  from  this  unit,  indicates  more 
advanced  wastewater  control  than  U.S.  BAT.  Contamination  of  non-process  effluents 
generated  in  this  area. 

Table  5  compares  total  effluents  loadings  of  contaminants  produced  in  the  two  urea 
units  with  U.S.  BAT  limits.  The  comparison  shows  that  the  average  contaminant  load- 
ing was  significantly  less  than  U.S.  BAT  limits  on  an  average  basis.  The  maximum 
estimated  loading  of  ammonia  at  ICI  is  higher  than  the  U.S.  BAT  limit.  However,  the 
frequency  of  exceedances  over  the  twelve  month  monitoring  period  is  unknown  and 
therefore,  no  firm  conclusion  can  be  made.  It  is  recommended  that  these  high  loading 
occurrences  be  evaluated  to  determine  their  significance.  However,  based  on  the  avail- 
able data,  it  appears  that  U.S.  BAT  limits  are  generally  achieved  at  ICI. 


Table  5 

Comparison  of  U.S.  BAT  Effluent  Limits  to  Process  Effluent 

Quality  from  the  Urea  Plants  at  ICI 

Parameter 

U.S.BAT 

MISAMonilorlngPeriodl               || 

Maximom  Day 

aODajrATcnge 

Maximum  Oajr 

12  Month  Average 

Ammonia  (kg/d)^ 

244 

124 

3,956^ 

62 

Organic  -  N  (kg/d)^ 

207 

110 

no  data 

78 

Notes: 

■ 

1.              Based  on  data  from  MISA  Control  Point  CO0700,  and  OT0600. 

2.              Calculated  from  urea  production  capacity  at  ICI. 

3.              Calculated  as  TKN  minus  ammonia  -  nitrogen. 

4.              Based  on  maximum  concentration  and  mean  Qow. 

Summary 

A  review  of  U.S.  BAT  limitations  relative  to  the  wastewater  discharge  at  ICI  was  pre- 
sented to  identify  technologies  that  should  be  included  in  BAT  Option  2.   Target 


TORyiNORG2/898Jl 


contaminant  loadings  in  effluents  from  the  ammonia,  urea  and  nitric  acid  production 
areas  were  well  below  those  prescribed  under  U.S.  BAT.  It  is  important  to  note  that 
loadings  generated  at  ICI  which  were  compared  to  U.S.  BAT  also  included  those  con- 
tributions from  non-process  waters  (e.g.  cooling  tower  blowdown  and  once  through 
cooling  water),  which  were  excluded  from  the  U.S.  EPA  requirements  (i.e.  U.S.  BAT 
covered  only  process  wastewater).  Based  on  the  review,  BAT  Option  2  incorporates 
the  existing  technologies  in  the  ammonia,  urea  and  nitric  acid  production  plants. 

In  the  ammonium  nitrate  plant,  BAT  limits  are  not  currently  achieved  at  ICI.  Thus, 
technologies  to  eliminate  the  barometric  condenser  stream  and  the  clay  bin  washdown 
water  stream  are  included  in  BAT  Option  2.  These  technologies  are  discussed  in  detail 
in  Section  4.0. 


3J  BAT  Option  3 

There  are  two  nitrogen  fertilizer  plants  in  the  Ontario  Inorganic  Chemical  Sector,  in- 
cluding ICI  Lambton  Works  and  Nitrochem  Inc.,  whose  wastewater  management  can 
be  compared  on  the  basis  of  technologies  and  effluent  quality  (Ref.  1,  Ref.  4). 


Technology 

Both  Ontario  plants  incorporate  collection  and  reuse  of  process  wastewater,  including 
condensates  and  wash  water,  into  liquid  nitrogen  fertilizer  products.  Thus,  with  the  ex- 
ception of  select  streams  at  both  plants,  process  effluents  are  not  discharged. 

Different  technologies  for  manufacturing  nitrogen  fertilizer  products  are  used  at  each 
plant.  However,  in  terms  of  wastewater  control,  the  same  overall  results  are  achieved; 
that  is  reuse  of  wastewater  discharges.  Therefore,  based  on  technologies  alone,  one 
process  can  not  be  considered  more  advanced  than  the  other. 


Effluent  Quality 

A  direct  comparison  of  effluent  quality  at  ICI  and  Nitrochem  caimot  be  made,  for  the 
following  reasons: 

•  Product  lines  and  production  capacities  vary  significantly  between  the  two 
plants. 

•  Data  for  effluents  from  individual  production  units  were  not  available  for 
Nitrochem. 
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•  Concentration  data  may  not  be  compared  directly  because  ICI  incorpor- 
ates a  significant  volume  of  once  through  cooling  water  which  dilutes 
effluents,  while  Nitrochem  does  not. 

•  Contaminant  loadings  from  the  two  plants  are  not  significantly  different 
from  each  other. 

Therefore,  observations  in  best  demonstrated  technologies  may  not  be  made  on  the 
basis  of  effluent  quality. 


Summary 

There  is  no  clear  indication  as  to  which  plant  can  be  considered  to  be  representing  the 
best  in  the  Province  for  wastewater  control  technology.  Both  plants  are  managing 
water  to  minimize  process  discharges,  although  certain  streams  are  discharged  directly 
with  or  without  treatment  at  both  plants.  Effluent  quality  in  terms  of  loadings  are  not 
different  by  a  significant  factor,  and  since  production  capacities  vary  between  the  pla- 
nts, it  is  difficult  to  draw  a  conclusion  on  this  basis. 

For  the  purposes  of  BAT  Option  3,  both  Ontario  nitrogen  fertilizer  plants  are  con- 
sidered equivalent  in  terms  of  wastewater  management,  and  therefore  no  changes  to 
the  ICI  system  are  included  in  this  Option. 


3.4  BAT  Option  4 

BAT  Option  4  includes  technologies  which  provide  the  maximum  overall  pollution 

reduction  at  the  plant.    These  technologies  are  discussed  below  under  the  following 
headings: 

•  Process  stream  treatment  or  elimination. 

•  In  plant  water  management. 

•  Control  of  monitored  effluents. 


3.4.1  Process  Stream  Treatment  or  Elimination 

Only  three  process  wastewater  streams  generated  at  ICI  are  discharged,  since  the  re- 
mainder are  collected  and  reused  in  nitrogen  products. 

Methods  for  eliminating  the  barometric  condenser  stream  and  wash  water  for  the  clay 
bin  discussed  in  Section  3.3,  would  also  be  included  in  BAT  Option  4. 
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An  ammonia  process  steam  condensate  generated  at  a  rate  of  326  m^/d  is  currently 
treated  by  steam  stripping,  which  produces  an  effluent  concentration  of  11.5  mg/L 
ammonia-N  (Ref.  7). 

A  global  search  identified  several  technologies  that  were  potentially  applicable  to  fur- 
ther reducing  ammonia  concentrations  in  steam  stripper  effluents.  These  are: 

•  Ion  exchange 

•  Break  point  chlorination 

•  Air  stripping 

•  Biological  nitrification-denitrification. 


Air  Stripping 

Air  stripping  was  recommended  by  the  U.S.  EPA  (Ref.  2)  to  follow  steam  stripping  to 
achieve  U.S.  BAT  effluent  limits.  This  reference  reported  that  better  than  90  percent 
ammonia  removal  was  achievable  resulting  in  effluent  concentrations  of  less  than  5 
mg/L.  A  global  search  of  technologies  used  in  the  ammonia  manufacturing  industry  did 
not  identify  plants  using  air  stripping.  In  the  U.S.,  in  1979,  no  air  strippers  were  known 
to  be  operating  or  plaimed  at  nitrogen  fertilizer  facilities  (Ref.  5). 

The  air  stripping  process  involves  raising  the  pH  of  the  water  to  10.8  to  11.5  with  lime 
to  convert  all  ammonia  to  ammonium,  formation  and  reformation  of  water  droplets  in 
a  stripping  tower,  and  providing  air  water  contact  and  droplet  agitation  to  enable  trans- 
fer of  ammonia  to  air,  which  is  released  to  the  atmosphere. 

Several  problems  associated  with  air  stripping  have  been  identified  as  follows  (Ref.  2,  5, 
6): 

•  Low  performance  efficiencies  in  cold  weather. 

•  High  operating  costs  because  of  intense  energy  requirements. 

•  Calcixmi  carbonate  scaling  as  a  result  of  lime  addition. 

•  Cross  media  pollutant  transfer;  the  ammonia  is  released  to  the  atmos- 
phere. Although  technologies  for  ammonia  recovery  from  air  exist,  they 
considerably  increase  the  complexity  and  cost  of  the  system. 

On  the  basis  of  the  above  points,  air  stripping  was  not  considered  to  be  a  demon- 
strated, practical  control  technology  for  treating  the  ICI  ammonia  plant  steam  stripper 
effluent  stream. 
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Breakpoint  Chlorination 

Breakpoint  chlorination  is  the  oxidation  of  ammonia  with  chlorine  to  result  in  the  ulti- 
mate formation  of  nitrogen  gas,  following  the  overall  reaction: 

2NH3  +  3  Qj  -.  N2  +  6  HQ 

Theoretically,  7.6  mg/L  of  chlorine  (Qj)  are  required  to  oxidize  1  mg/L  of  ammonia- 
nitrogen. 

Breakpoint  chlorination  has  a  long  history  of  use  in  the  chlorination  of  potable  water 
supplies.  It  has  also  been  used  in  the  U.S.  for  minimizing  the  levels  of  unionized 
ammonia  in  effluents  from  other  nitrogen  removal'  technologies.  However,  several 
problems  are  potentially  associated  with  the  use  of  this  technology  in  industrial 
wastewater  treatment,  including: 

•  Nitrate  and  nitrogen  trichloride  may  be  produced  in  the  breakpoint  chlor- 
ination reactions.  Nitrate  is  another  pollutant  at  nitrogen  fertilizer  facil- 
ities, while  nitrogen  trichloride  exhibits  a  strong  chlorinous  odour,  making 
its  formation  undesirable. 

•  Trihalomethanes  and  other  chlorinated  pollutants  may  be  formed. 

•  Total  dissolved  solids  levels  may  increase. 

•  Neutralization  may  be  required  to  increase  the  pH  after  treatment.  In 
addition,  a  dechlorination  process  to  remove  toxic  chlorine  residuals  is 
required.  Additional  treatment  steps  increase  the  complexity  of  the  sys- 
tem. 

•  Control  of  pH  is  critical  to  the  performance  of  the  process  and  to  mini- 
mize nitrogen  trichloride  formation.  Changing  water  quality  makes  pH 
control  difficult.  Thus,  reliability  decreases  during  plant  upsets. 

In  a  global  search,  the  use  of  breakpoint  chlorination  for  reducing  ammonia  in  nitrogen 
fertilizer  plant  effluents  was  not  identified,  nor  was  it  recommended  in  the  U.S.  to 
achieve  BAT  effluent  limits.  Based  on  the  above  potential  problems  associated  with 
breakpoint  chlorination,  it  is  not  a  recommended  technology  for  reducing  ammonia 
levels  in  ICI  Lambton  Works  ammonia  plant  effluents. 


Ion  Exchange 

Selective  ion  exchange  is  a  high-efficiency  ammonia  removal  process  for  streams  con- 
taining low  TDS  and  ammonia  concentrations.  The  waste  stream  is  passed  through  a 
bed  of  ion  exchange  resin  and  functional  groups  attached  to  the  resin  exchange  with 
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ammonium  ions  in  solution.  Conventional  ion  exchange  resins  are  not  suitable  for 
ammonia  removal  because  most  ions  exchange  preferentially  to  the  ammonium  ion. 
However,  this  limitation  is  overcome  by  using  an  exchange  resin  selective  for  ammon- 
ium, such  as  clinoptilolite,  a  common  material  foimd  in  bentonite  deposits  which 
removes  ammonium  ions  from  water  preferentially  to  other  cations. 

The  optimum  exchange  pH  ranges  from  4  to  8.  Lower  values  result  in  excess  hydrogen 
ions  competing  with  the  NH4'^  for  exchange.  At  a  high  pH,  NH4"^  is  predominantly 
converted  to  NH3  which  will  not  exchange  on  the  media.  The  process  is  insensitive  to 
temperature  fluctuations,  but  becomes  less  effective  as  ionic  strength  (TDS  concentra- 
tion) increases  due  to  the  effect  of  competing  cation  concentrations  on  the  capacity  of 
the  media  for  ammonium  (Ref.  8). 

The  exchange  column  can  be  regenerated  with  a  sodium  or  calciimi  salt  solution  and 
the  nitrogen  can  be  recovered  from  the  régénérant  by  air  stripping,  steam  stripping,  or 
electrolytic  treatment. 

Reported  applications  of  selective  ion  exchange  for  ammonia  removal  include  the  treat- 
ment of  municipal  wastewaters  having  ammonia  concentrations  of  about  25  mg/L.  The 
U.S.  EPA  suggested  ion  exchange  as  an  alternative  treatment  process  to  achieving  BAT 
effluent  limits  in  the  nitrogen  fertilizer  industry  (Ref.  2).  In  the  global  search  carried 
out  for  this  study,  it  was  found  that  ion  exchange  was  implemented  in  the  1970s  at 
more  than  10  nitrogen  fertilizer  facilities.  However,  currently  only  one  process  is  re- 
maining in  operating.  Operating  problems  that  were  encountered  resulted  in  the  dis- 
continued use  of  this  process^  (Ref.  9).  Based  on  these  problems,  this  process  is  not 
recommended  under  BAT  Option  4  for  ICI. 


Biological  Ammonia  Removal 

Biological  ammonia  removal  is  the  natural  conversion  of  ammonia  to  nitrate,  and 
nitrate  to  molecular  nitrogen  in  a  two  stage  process.  The  first  stage,  nitrification,  takes 
place  under  aerobic  conditions,  while  the  second  stage  denitrification  is  anoxic,  and 
must  have  a  carbon  source  (typically  methanol).  Both  suspended  growth  and  fixed  film 
systems  are  available.  Details  on  the  process  are  provided  in  a  general  technology 
report  (Ref.  10). 

Biological  ammonia  removal  has  been  applied  to  treating  ammonia  nitrogen  levels  in 
industrial  wastewaters  with  30  to  700  mg/L  (Ref.  10).  One  fertilizer  industry  in  the  U.S. 
uses  an  anaerobic  and  aerobic  lagoon  system  to  reduce  nitrogen  levels  from  150  to  200 
mg/L  by  up  to  98  percent  (Ref.  11). 


Details  on  operating  problems  collected  by  SAIC  are  currently  unavailable. 
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Nitrification  has  been  shown  to  reduce  dilute  ammonia  levels  in  municipal  wastewater 
of  10  mg/L  or  more,  in  an  activated  sludge  system.  However,  a  global  search  did  not 
identify  demonstrated  industrial  uses  of  this  system  for  treating  dilute  ammonia  waste- 
waters, such  as  the  ICI  steam  stripper  effluent  streams.  Therefore,  biological  nitrogen 
removal  was  not  considered  an  alternative  for  treating  this  stream. 


Summary 

Four  potential  alternatives  for  reducing  ammonia  levels  in  the  treated  ammonia  plant 
condensate  stream  at  ICI  were  identified  in  a  global  search.  Based  on  review  of  infor- 
mation on  these  processes,  none  were  considered  applicable,  due  to  operating  problems 
associated  with  treatment,  or  their  unproven  ability  to  treat  industrial  wastewater 
streams  with  similar  characteristics.  Therefore,  technologies  for  further  reduction  of 
ammonia  in  this  stream  were  not  recommended  under  BAT  Option  4. 

It  should  be  noted  that  the  treated  ammonia  condensate  stream  may  contain  other 
process  related  contaminants.  However,  individual  monitoring  data  of  this  stream  for 
contaminants  other  than  ammonia  is  not  available.  Therefore,  methods  for  their  reduc- 
tion cannot  be  addressed. 


3.4.2  In-Plant  Water  Management 

A  global  search  of  nitrogen  fertilizer  manufacturing  facilities  found  that  wastewater 
management  is  considered  the  key  to  reducing  the  levels  of  contaminants  in  effluents. 
Techniques  include  good  house-keeping,  reduction  and/or  reuse  of  process  water 
streams,  and  audit  and  control  of  miscellaneous  contaminant  sources  such  as  leaks  and 
spills. 

Contacts  and  visits  made  with  nitrogen  fertilizer  facilities  in  Canada  and  U.S.  indicated 
that  collection  of  high  strength  process  wastewaters  for  reuse  in  production  of  fertilizer 
products  is  a  very  common  means  of  reducing  effluent  discharges  (Ref.  4,  12,  13). 
Handling  of  other  sources  are  very  site  specific,  depending  on  the  design,  layout  and 
age  of  the  facility,  and  the  products  generated. 

ICI  Nitrogen  Products  made  considerable  improvements  to  their  effluent  quality  in  the 
past  few  years  by  implementation  of  in-plant  changes  for  reuse  of  process  effluents,  and 
clean-up  of  miscellaneous  streams,  following  an  audit  of  nitrogen  sources  carried  out  at 
the  plant  in  1989  (Ref.  14).  These  changes  have  resulted  in  a  total  reduction  of 
anamonia  nitrogen  loading  from  the  plant  by  about  80  percent^.  Elimination  of  the 
process  streams  still  being  discharged,  as  discussed  in  Section  3.4.1,  will  further  reduce 
the  loading  by  about  half. 


3 
Since  the  1989  study,  the  Ammonia  1  plant  has  shut  down. 


13 

TOR/INORGZS98.51 


Representatives  from  ICI  indicate  that  continuing  efforts  are  being  made  to  investigate 
other  sources  of  contamination  so  that  these  may  also  be  diverted  from  discharges. 
These  continuing  procedures  are  incorporated  onto  the  recommended  BAT  Option  4. 
However,  the  details  of  changes,  costs  and  expected  performance  cannot  be  determined 
until  the  sources  of  contamination  and  remediation  methods  have  been  investigated, 
identified,  and  implemented.  Some  key  areas  of  focus  are  simmiarized  in  the  dis- 
cussion of  BAT  Option  4  in  Section  4. 


3.43  Control  of  Monitored  Streams 

Control  and  treatment  of  pollutant  to  be  achieve  a  maximum  reduction  was  considered 
for  combined  streams  (CO0500,  CO0700  and  CO0800),  once  through  cooling  water 
streams  (OT0600,  OTllOO  and  OTIOO),  and  final  plant  effluent  stream  (CO0200). 

All  of  the  above  streams  showed  dilute,  similar  levels  of  contaminants  such  as  DOC, 
TOC,  aluminium,  strontium,  zinc,  chloride  and  sulphate,  which  were  likely  contributed 
from  the  raw  water  source,  since  levels  are  similar  to  those  in  raw  water,  presented  in 
Table  A8. 

Technologies  for  the  removal  of  low  levels  of  contaminants  present  in  these  effluents 
may  be  available  and  have  been  used  in  specific  non-industrial  applications  (e.g.  drink- 
ing water  treatment).  However,  an  exhaustive,  global  search  carried  out  as  part  of  this 
study  did  not  identify  practical  applications  of  these  technologies  to  treating  industrial 
wastewater  effluents  with  similar  contaminant  concentrations.  Thus,  BAT  Option  4 
does  not  include  technologies  for  removal  of  these  contaminants. 

Non-raw  water  related  contaminants  identified  as  "Priority  1"  in  each  stream  and  in  the 
final  effluent  are  summarized  in  Table  6. 

Levels  of  ammonia,  TKN  and  nitrate  nitrogen  did  not  exceed  3.5  mg/L  on  average  in 
any  of  the  monitored  streams.  Based  on  a  review  of  ammonia  removal  technologies 
presented  in  Section  3.4.2  practical  technologies  for  further  removal  of  ammonia  were 
not  identified.  Furthermore,  a  global  search  did  not  identify  demonstrated  technologies 
for  removing  dilute  levels  of  organic  nitrogen  or  nitrate  from  industrial  wastewaters. 
Therefore,  end-of-pipe  wastewater  treatment  for  these  contaminants  is  not  recom- 
mended for  any  of  these  streams. 

Some  of  the  phosphorus  in  effluents  may  originate  from  phosphate  based  chemicals 
used  to  freat  cooling  tower  make-up  water,  since  phosphorus  was  detected  at  CO0500, 
which  included  cooling  tower  blowdown.  Reduction  of  phosphorus  levels  could  be 
achieved  by  using  alternate  treatment  chemicals.  However,  because  these  would  also 
contribute  contaminants  to  the  effluents,  there  may  not  be  an  overall  improvement  in 
water  quality.  Because  phosphorus  levels  are  very  low,  and  a  change  in  water  treat- 
ment chemicals  would  be  of  questionable  benefit,  no  changes  are  recommended  to 
reduce  phosphorus  in  effluents. 
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Table  6 
Priority  Contaminants  in  Combined  and  Final  EQluent  Streams 

Cftnlamlmnt 

CO02MFlBal 

COOSOO 

CO0700 

COOSOO 

OT0600,  OniOO,  OT1200 

Ammonia-N 

• 

• 

TKN 

• 

• 

Nitrate  and  Nitrite 

• 

• 

Phosphorus 

TSS 

• 

• 

• 

Cyanide 

Phenolics 

• 

• 

Phenol 

• 

Chloromethane 

Chloroform 

Chloromethane  and  chloroform  were  contaminants  present  in  the  stream  monitored  at 
COOSOO,  containing  cooling  tower  blowdown.  The  cooling  tower  make-up  water  is 
chlorinated,  and  this  is  a  likely  source  of  chlorinated  organic  compounds.  One  alterna- 
tive that  can  be  considered  to  reduce  the  levels  of  these  compounds  is  use  of  an  alter- 
nate biocide.  This  technology  is  described  in  the  general  technology  report  (Ref.  15). 
Since  neither  of  these  compounds  were  detected  in  final  effluents  from  the  plant  (at 
CO0200)  and  the  plant  effluents  were  non-lethal  (indicating  chlorine  residuals  are  not 
at  toxic  levels),  changes  to  the  system  were  not  recommended  under  BAT  Option  4. 

Phenols  were  present  in  all  combined  effluent  streams  discharged  from  the  plant,  and 
in  one  stream,  phenol  was  also  detected.  Monitoring  data  indicates  that  a  portion  of 
phenolics  are  present  in  raw  water.  Heat  exchange  coolants  or  equipment  lubricants 
are  potential  sources  of  phenols  in  effluents.  However,  an  audit  is  recommended  to 
investigate  and  confirm  these  sources,  and  to  identify  management  practices  for  their 
control  at  the  source.  These  procedures  are  included  under  BAT  Option  4.  It  is  note- 
worthy that  phenolics  were  not  a  "Priority  1"  pollutant  in  the  final  plant  effluent,  des- 
pite their  presence  in  raw  water. 

Suspended  solids  were  present  at  low  levels  (<13  mg/L)  in  all  in-plant  monitored 
streams  and  in  the  final  effluent  (<6  mg/L).  Technologies  for  further  reducing  sus- 
pended solids  levels  include  coagulation  and  sedimentation,  and  filtration.  However, 
implementation  of  several  treatment  processes  would  also  produce  related  problems 
which  would  need  to  must  be  addressed,  including: 

•  The  impacts  of  wastewater  treatment  chemicals  on  effluents,  in  term  of 

contaminant  concentrations  and  toxicity. 


15 


T0R/IN0RG2/898^1 


•  The  handling  and  disposal  of  wastewater  treatment  residuals. 

•  The  dependence  of  system  reliability  and  operator  training  on  perform- 
ance. 

Because  of  these  problems,  coupled  with  the  fact  that  TSS  do  not  appear  to  be  con- 
tributing toxic  contaminants  to  plant  effluents,  treatment  processes  for  their  removal 
are  not  recommended. 

One  contaminant,  cyanide,  present  in  the  stream  monitored  at  CO0500  was  not 
addressed  in  the  discussion  of  BAT  Option  4.  Careful  review  of  the  process,  raw 
materials,  products  and  chemicals  used  at  the  plant  within  the  scope  of  this  study  did 
not  reveal  a  source  of  this  contaminant.  Thus,  an  audit  of  possible  cyanide  sources  is 
necessary,  and  reduction  or  elimination  of  this  contaminant  in  discharges  should  be 
based  on  process  changes,  materials  substitution,  or  other  best  management  practices. 


3.4.4  Summary  of  BAT  Option  4  Recommendations 

Technologies  for  the  maximum  reduction  of  contaminants  recommended  under  BAT 
Option  4  include: 

•  Elimination  of  the  barometric  condenser  and  clay  bin  wash  water  streams 
measured  at  PR0300,  as  described  under  BAT  Option  2. 

•  Continued  investigation  and  implementation  of  in-plant  controls  and  best 
management  practices  to  reduce  undefined  process  related  discharges 
such  as  leaks  and  spills. 

•  In-plant  management  practices  for  source  control  of  phenols. 


3.5  BAT  Option  5 

Technologies  that  would  advance  the  plant  furthest  toward  zero-discharge  of  process 
related  contaminants  include  all  those  recommended  under  BAT  Option  4.  Technol- 
ogies for  reduction  or  elimination  of  non-process  streams  such  as  boiler  blowdown, 
cooling  tower  blowdown  and  once  through  cooling  water  were  not  identified  in  a  global 
search. 

Cooling  water  provided  by  once  through  or  recirculating  cooling  tower  systems  are 
invariably  used  to  cool  process  equipment  in  all  manufacturing  sectors  including  the 
nitrogen  fertilizer  industry.  Other  cooling  methods,  such  closed-loop  air  cooled  systems, 
would  require  very  large  capital  expenditures  and  land  area  for  expansive  heat 


16 

TOR/INORG2/898J1 


exchange  equipment  requirements,  and  may  not  be  effective  in  warmer  months  in 
Ontario.  Thus,  this  approach  to  cooling  is  not  used  in  the  industry.  And  finally,  oppor- 
tunities for  consumption  of  cooling  tower  blowdown  or  condensate  to  not  appear  to 
exist  in  the  production  of  any  of  the  products  produced  at  ICI,  since  these  are  already 
consuming  process  effluents. 


3.5  Summary 

Table  7  presents  a  summary  of  BAT  Options  recommended  for  ICI  Lambton  Works. 


Table  7 
Summary  of  BAT  Options  for  ICI  Lambton  Works 

BAT  OpUoa 

Dcflnidon 

DescripUoo 

1 

Least  cost  producing  non-lethal  effluents. 

No  change  to  odsting  system. 

2 

U.S.  BAT. 

Elimination  of  barometric  condenser  and  day  bin 
wash  water  streams. 

3 

Best  demonstrated  In  Ontario. 

No  change  to  existing  system. 

4 

Provides  maximum  pollution  reduaion. 

Same  as  BAT  Option  2  plus  continued  in  plant  modif- 
ications for  elimination  of  miscellaneous  process  pol- 
lutant sources  and  management  practices  for  control 
of  phenols. 

5 

Funhest  towards  zero-discharge  of  pollu- 
tants. 

Same  as  BAT  Option  4. 

4.0 


BAT  OPTIONS 


BAT  Options  1  and  3  recommended  no  change  to  the  existing  wastewater  management 
strategy  at  ICI.  BAT  Option  2,  4  and  5  are  described  in  more  detail  in  the  following 
sections. 


4.1 


Description 


BAT  Option  2 


BAT  Option  2  involves  elimination  of  the  process  wastewater  streams  that  were  moni- 
tored at  Control  Point  PR0300.   Changes  include: 

•  Replacement  of  the  barometric  condenser  in  the  ammonium  nitrate  pro- 

duction unit  and  replacement  with  a  surface  condenser,  and  reuse  of 
surface  condenser  condensate. 
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•  Process  change,  or  collection  and  reiise  of  clay  bin  wastewater  in  the 

ammonium  nitrate  prills  area  to  eliminate  its  discharge. 

The  details  of  the  surface  condenser  technology  are  described  in  the  general  technology 
report  (Ref.  16).  Either  a  tube  and  shell  or  plate  type  heat  exchanger  will  be  use  to 
condense  the  steam  containing  process  contaminants  (ammonia  and  nitrate).  The  con- 
centrated steam  condensate  could  possibly  be  used  in  the  production  of  liquid  nitrogen 
fertilizer  products,  although  other  reuse  areas  are  also  being  considered  at  ICI. 

Technologies  for  eliminating  the  discharge  of  the  clay  bin  wash  water  stream  have  not 
yet  been  investigated  by  ICI.  They  could  include  collection  and  reuse  of  the  stream  in 
products,  minimizing  water  use  or  recycling  water  used  for  this  purpose.  Although  as 
yet  undefined,  the  plant  has  indicated  that  they  believe  opportunities  for  eliminating 
this  process  wastewater  exist  (Ref.  17). 


Performance 

If  BAT  Option  2  were  implemented,  the  combined  process  stream  monitored  at  MISA 
Control  Point  PR0300  would  be  eliminated.  The  projected  contaminant  loading  reduc- 
tions that  would  result  at  the  final  effluent  monitoring  point  are  presented  in  Table  8. 


Cost 

The  costs  of  replacing  the  existing  barometric  condenser  with  a  surface  condenser  were 
estimated  to  be  $257,000  (ENR  CCI  6343),  which  includes  (Ref.  16): 

•  Condenser  with  associating  piping  and  instrumentation. 

•  Seal  tank  with  attached  condensate  transfer  pump. 

•  Engineering,  installation  and  G.S.T. 

The  annual  projected  operating  cost  for  this  unit  is  $30,000.  These  costs  are  conserva- 
tive, since  they  do  not  included  any  savings  incurred  by  the  elimination  of  the  baromet- 
ric condenser. 

Since  the  process  changes  required  to  eliminate  the  discharges  of  clay  bin  washwaters 
have  not  been  identified  by  the  plant,  costs  for  these  changes  are  also  unavailable. 
Since  it  is  a  relatively  small  stream  (39  m'^/d)  it  is  expected  that  capital  expenditures 
would  not  be  significant  and  operating  costs  should  be  small. 
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Table  8 
Projected  Contaminant  Loading  Reduction  with  Implementation  of  BAT  Option  2 

Cootaminant 

CuTe&l  Loadlnc 
St  000200^ 

Projected  ti»^^ti»g 
Redoction^ 

Pioiected  LmAbS 
•tCO0200 

tfoa                1 

Flew  (m^/d) 

168,000 

3,590 

164,410 

2% 

Ammonia-N  (kg/d) 

200 

973 

103 

49% 

TKN(lcg/d) 

345 

130 

215 

38% 

Niirite  and  Nitraie-N  (kg/d) 

192 

96.8 

95.2 

50% 

DOC  (kg/d) 

464 

40J 

423 

9% 

Total  Phosphorus  (kg/d) 

113 

1'7. 

9.6 

15% 

TSS  (kg/d) 

1,085 

157 

928 

14% 

Aluminum  (kg/d) 

16.0 

1.8 

13.2 

11% 

Strontium  (kg/d) 

173 

0^9 

16.7 

3% 

Chloride  (kg/d) 

1,426 

95.4 

U31 

7% 

Sulphate  (kg/d) 

3365 

141.7 

3Z28 

4% 

Notes; 

1.  Average  contaminant  loading  reponed  for  12  months  of  MISA  Monitoring  Regulation  period  at  CO0200. 

2.  Average  contaminant  loading  reported  for  12  months  of  MISA  Monitoring  Regulation  period  at  PR0300. 

4J. 


BAT  Option  4  and  5 


BAT  Options  4  and  5  include  those  technologies  incorporated  in  BAT  Option  2  in 
addition  to  continued  efforts  at  the  plant  to  minimize  or  eliminate  miscellaneous 
contaminant  discharges  to  sewers. 

The  complexity  of  the  plant,  and  the  fact  that  it  was  not  originally  built  for 
minimization  of  contaminant  discharges,  dictate  the  difficulty  in  identifying  and  minimiz- 
ing inadvertent  discharge  sources.  Thus,  the  technologies  for  achieving  the  maximum 
reduction  of  pollutants  from  these  sources  cannot  currently  be  precisely  defined,  nor 
can  their  cost  or  expected  performance  be  quantified. 

A  general  discussion  of  the  sources  and  means  of  identifying  and  remediating  these 
sources  is  presented  in  the  following  points: 

•  Cooling  tower  have  been  shown  to  act  as  absorbers  of  airborne  ammonia 

at  nitrogen  fertilizer  facilities,  resulting  in  blowdown  ammonia  nitrogen 
concentrations  of  5  to  100  mg/L  (Ref.  2,  3).  Options  that  could  be  con- 
sidered for  reducing  levels  of  anmionia  in  blowdown  include  control  of 
ammonia  emissions  from  the  plant. 
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An  audit  of  ammonia  discharge  sources  has  already  been  imdertaken  to 
identify  major  areas  of  discharge  (Ref.  14).  Further  investigation  has 
been  and  should  continue  to  be  carried  to  the  identify  exact  sources  of 
discharge.  Thus,  methods  for  their  elimination  can  be  determined. 

In  the  U.S.  Federal  Register,  Part  418  Fertilizer  Manufacturing,  non- 
contact  cooling  waters  were  only  excluded  from  effluent  limits  regulation 
under  the  provision  that  all  reasonable  measures  have  been  taken  to 
control  to  the  maximum  extent  possible  contamination  from  process 
materials,  and  furthermore,  that  if  contamination  were  to  occur,  aU 
reasonable  efforts  would  be  taken  to  nitigate  the  effects.  With  respect  to 
this  requirement,  identification  of  process  contaminant  leaks  into  coolers, 
etc.  should  be  monitored  routinely  and  repaired  as  required. 


5.0 


SUMMARY  OF  COST  AND  PERFORMANCE  OF  BAT  OPTIONS 


Table  9  presents  a  summary  of  the  estimated  costs  and  performance,  in  terms  of  load- 
ing reduction,  projected  for  the  five  BAT  Options  recommended  for  ICI  Nitrogen  Prod- 
ucts Lambton  Works. 


1 

Table  9 
Summary  of  Costs  and  Performance  of  BAT  Options 

Compooeal 

BAT  OpUon  I,  3 

BAT  OptioD  2 

BATOpUoa4,5 

Cost 

Capital 
•               Operating 

$0 
$0 

$257,000 
$30,000 

>$257,000 
>$30,000 

LoMUng  Rcdnctloa 

Flow  (m^/d) 
Ammonia-N  (kg/d) 
TKN  (kg/d) 
Nitratc-N  (kg/d) 

0.0 
0.0 
0.0 
0.0 

3490 
973 
130 
96.8 

>3490 
>97J 
>130 
>96.8 

6.0 
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Table  A1,  ICI  Nitrogen  Products,  Lambton  Works 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0200 
Description:  Rnal  Discharge 

Contaminant 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loading 
(kg^d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

17300 

221000 

168000 

COD 

mg/L 

10 

29 

19.5 

3154.78 

Ammonia  Plus  Ammonium 

mg/L 

0.56 

2.44 

.«1.17 

199.56 

Total  Kjeldahl  Nitrogen 

mg/L 

0.93 

^■Jà 

6'c5^^      2 

345.181 

Nitrate  and  Nitrite 

mg/L 

0.51 

^àm. 

ue-1.13 

192.248 

DOC 

mg/L 

r^^»-..^C*.^^-         .2.72 

464.178 

Total  Phosphorus 

mg/L 

^^ac©  ^0.16 

0.066 

11.313 

Specific  Conductance 

uS/cm 

i7r 

463 

228 

Total  Suspended  Solids 

mg/L 

0.6 

35.2 

6.39 

1085.222 

Aluminum 

ug/L 

60 

136 

98 

16.032 

Strontium 

ug/L 

99 

104 

101.5 

17.276 

Chloride,  Unfiitered  Reactive 

mg/L 

7.56 

9 

8.28 

1426.158 

Sulphate,  Unfiitered  Reactive 

mg/L 

18.2 

21.6 

19.9 

3365.118 

Table  A2,  ICI  Nitrogen  Products,  Lambton  Works 

Summary  of  Rows  and  Priority  One  Pollutants 
MISA  Control  Point:  PR0300 
Description:  Ditch  After  Emergency 

Contaminant 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

97.6 

24300 

3590 

Cyanide  Total 

mg/L 

0.005 

0.02 

0.011 

0.042 

Hydrogen  Ion  (pH) 

7.65 

10.03 

8.818 

Ammonia  Plus  Ammonium 

mg/L 

2.79 

172 

26.341 

97.327 

Total  Kjeldahl  Nitrogen 

mg/L 

6.09 

309 

35.281 

130.126 

Nitrate  and  Nitrite 

mg/L 

3.55 

232 

a   êlBÎ^ 

96.75 

DOC 

mg/L 

1.1 

^d^^^^^ 

^n!^^^^ 

40.538 

TOC 

mg/L 

^ 

fm 

V3Yr281 

43.065 

Total  Phosphorus 

mg/L 

0.01  . 

^e©  m 

0.36 

1.748 

Specific  Conductance 

uS/cm 

203 

2510 

516 

Total  Suspended  Solids 

mg/L 

4.6 

318 

35 

157.177 

Aluminum 

ug/L 

46 

1450 

413 

1.816 

Copper 

ug/L 

1 

27.5 

9.4 

0.046 

Strontium 

ug/L 

100 

230 

133 

0.585 

Zinc 

ug/L 

2 

15400 

429 

1.82 

Phenolics  (4AAP) 

ug/L 

0.8 

15.4 

6.5 

0.028 

Chloride,  Unfiltered  Reactive 

mg/L 

9 

63.8 

25.7 

95.4a 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.01 

0.94 

0.295 

1.214 

Sulphate,  Unfiltered  Reactive 

mg/L 

2 

92 

35 

141.679 

Table  A3,  ICI  Nitrogen  Products,  Lambton  Works 

Summary  of  Rows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0500 
Desaiption:  30  inches  Concrete 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loading 
(kg/d) 

Contaminant 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

1344.8 

35360.2 

11110.88 

Cyanide  Total 

mg/L 

0.005 

0.01 

0.007 

0.072 

Ammonia  Plus  Ammonium 

mg/L 

0.3 

30.04 

2.259 

21.242 

Total  Kjeidahl  Nitrogen 

mg/L 

0.6 

65.23 

3.264 

31.16 

Nitrate  and  Nitrite 

mg/L 

0.34 

35.18 

3.744 

38.84 

DOC 

mg/L 

0.6 

14.7 

3.212 

35.308 

Total  Phosphorus 

mg/L 

0.01 

0.932 

0.214 

2.114 

Specific  Conductance 

uS/cm 

192 

1557.5 

.2^S^^ 

Total  Suspended  Solids 

mg/L 

1.4 

Sx6^^ 

vF-^^ 

82.583 

Aluminum 

ug/L 

¥ci 

:  ^^m 

N.Wê.417 

1.11 

Strontium 

ug/L 

W 

>.  w 

115 

1.18 

Zinc 

ug/L 

2.5 

&®       397 

51.86 

0:597 

Phenolics  (4AAP) 

ug/L 

0.8 

240 

30.85 

0.302 

Chloromethane 

ug/L 

0.37 

33.8 

6.627 

0.062 

Chloroform 

ug/L 

0.1 

4.62 

1.61 

0.012 

Chloride,  Unfiltered  Reactive 

mg/L 

8.5 

14.5 

12.225 

137.421 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.01 

0.29 

0.122 

1.247 

Sulphate.  Unfiltered  Reactive 

mg/L 

4.67 

48.2 

21.756 

223.531 

Table  A4,  ICI  Nitrogen  Products,  Lambton  Works 

Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  OT0600 
Description:  18'  Black  Polyethylene 

Contaminant 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loading 
(kg/d) 

Minimum 

Mîiximum 

Mean 

Flow 

m3/d 

10500 

25500 

17700 

Nitrate  and  Nitrite 

mg/L 

0.025 

0.56 

.    ,f>!^ 

6.689 

DOC 

mg/L 

0.8 

..«N\cS^^«^.:;,8 

33.665 

Specific  Conductance 

uS/cm 

16^0^   --5Ma\  ^.^^21 8 

Total  Suspended  Solids 

mg/L 

4.6 

ôO©  §'& 

5.9 

92.537 

Aluminum 

ug/L 

16 

214 

.    80 

1.425 

Strontium 

ug/L 

87 

110 

98 

1.796 

Zinc 

ug/L 

3 

100 

23 

0.413 

Sulphate,  Unfiitered  Reactive 

mg/L 

11.3 

20.7 

17.7 

323.621 

Table  A5,  ICI  Nitrogen  Products,  Lambton  Works 

Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0700 
Description:  Manhole  #  5 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loading 
(kg/d) 

Contaminant 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

30700 

68000 

54500 

ammonia  Plus  Ammonium 

mg/L 

0.025 

73 

1.31 

60.301 

Fotal  Kjeldahl  Nitrogen 

mg/L 

0.42 

77 

2.71 

131.563 

Mitrate  and  Nitrite 

mg/L 

0.025 

23 

sà^ 

43.014 

DOC 

mg/L 

0.5 

Â^ 

^    vf<«5 

161.208 

Specific  Conductance 

uS/cm 

166, 

3^  ^% 

\  KSS^is 

Fotal  Suspended  Solids 

mg/L 

o.è 

V.eW 

5.9 

320.643 

Muminum 

ug/L 

35 

"       164 

90 

5.03 

Strontium 

ug/L 

80 

110 

99 

5.589 

line 

ug/L 

1 

81 

23 

1.271 

=henolics  (4AAP) 

ug/L 

0.8 

34 

13.3 

0.793 

'henol 

ug/L 

0.5 

19.4 

40.6 

0.584 

Chloride,  Unfiilered  Reactive 

mg/L 

7 

11.8 

9.2 

508.393 

Sulphate,  Unfiltered  Reactive 

mg/L 

15.4 

18.8 

16.9 

948.396 

Table  A6,  ICI  Nitrogen  Products,  Lambton  Works 

Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0800 
Description:  42  inches  from  A2 

Contaminant 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

8300 

22200 

16400 

GOD 

mg/L 

7 

33 

16 

280.875 

Ammonia  Plus  Ammonium 

mg/L 

0.08 

15.4 

2.48 

41.331 

Total  Kjeldahl  Nitrogen 

mg/L 

0.42 

17.6 

2.98 

49.553 

Nitrate  and  Nitrite 

mg/L 

0.025 

5.45 

uW 

10.467 

DOC 

mg/L 

0.5 

..  .3a  c 

.à^^^ 

112.591 

TOC 

mg/L 

rb 

.  yidm^ 

♦aVi\e-  8 

129.195 

Specific  Conductance 

uS/cm 

iV?, 

-ft  \&^^ 

^^      263 

Total  Suspended  Solids 

mg/L 

0.5 

P®^     410 

10.6 

179.549 

Aluminum 

ug/L 

30 

350 

122 

2.05 

Strontium 

ug/L 

92 

136 

111 

1.815 

Zinc 

ug/L 

5 

280 

42 

0.736 

Phenolics  (4AAP) 

ug/L 

0.8 

31.4 

13.8 

0.23 

Chloride,  Unfiltered  Reactive 

mg/L 

8.28 

14.2 

10.5 

171.221 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.07 

0.11 

0.087 

1.434 

Sulphate.  Unfiltered  Reactive 

mg/L 

16.8 

103 

40.7 

724.129 

Table  A7,  ICI  Notrogen  Products,  Lambton  Works 

Summary  of  Rows  and  Priority  One  Pollutants 

MISA  Control  Point:  0T1 1 00 

Description:  72'  from  AI  0 


Contaminant 


Units 


Concentration  over  12  Month 


MinimaBp  ' 


tp.&8\fiiW 


M^ 


^ 


Loading 
(kg/d) 


Flow 


m3/d 


49100, 


6800 


DOC 


mg/L 


0.8 


2.7 


1.6 


103.75 


Specific  Conductance 


uS/cm 


195 


238 


214 


Total  Suspended  Solids 


mg/L 


2.2 


5.7 


389.872 


Table  A8,  ICI  Nitrogen  Products,  Lambton  Works 

Summary  of  Rows  and  Priority  One  Pollutants 

MISA  Control  Point:  OT1200 

Description:  From  Ammonia  Storage 


Contaminant 


Units 


Concentration  over  12  Month 
Sampling  Period 


Minimum    Maximum 


ir 


^i 


ean 


Loading 
(kg/d) 


Flow 


m3/d 


3680 


1070 


7880 


^     1.6 


DOC 


mg/L 


0.8 


^"^ 


11.899 


Specific  Conductance 


uS/cm 


200 


:(èS 


222 


Total  Suspended  Solids 


mg/L 


12.7 


105.076 


^^ 


Table  A9,  ICI  Nitrogen  Products,  Lambton  Works 

Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  INI 400 
Description:  Intake 

Units 

Concentration  over  12  Montfi 
Sampling  Period 

Loading 
(kg/d) 

Contaminant 

Minimum 

Maximum 

Mean 

-low 

m3/d 

17600 

177000 

97200 

•titrate  and  Nitrite 

mg/L 

0.33 

0.7 

0.49 

60.797 

DOC 

mg/L 

1.3 

2.7 

vO.    1-98 

388.846 

Specific  Conductance 

uS/cm 

217 

2220^ 

■>"      1000 

rota!  Suspended  Solids 

mg/L 

6 

-^4 

^'      7.5 

1413.987 

Muminum 

ug/L 

3 

,.A^^28S^''       .    99 

17.675 

i^opper 

ug/L 

2.5. 

^'^V«3 

18 

9.368 

strontium 

ug/L 

<^ 

^^^110 

96 

16.614 

!inc 

ug/L 

^8< 

F^        99 

41 

17.498 

'henoiics  (4AAP) 

ug/L 

0.8 

13.1 

4.4 

0.014 

^hloromethane 

ug/L 

3.2 

12.1 

7.2 

1.096 

:;hloride,  Unfiitered  Reactive 

mg/L 

6.66 

11.8 

9.12 

2085.631 

sulphate.  Unfiitered  Reactive 

mg/L 

16.4 

19.4 

17.9 

3437.756 

Table  AlO 

Toxicity  Data  for  ICI  Nitrogen  Products  for  the  First  Six  Months  of  RUSA 

Monitoring  Regulation 

Test  Species 

Number  of  Samples 

Range  of  Lethal 
Concentration  Data 

Number  of  Non-lethal 
Samples 

Rainbow  Trout 

6 

non-Ietbal 

6 

Daphnia  magna 

3 

>  100%  to  non-lethal 

2 
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APPENDIX  13 
International  Minerals  and  Chemical  Corporation  (Canada)  Ltd. 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

INTERNATIONAL  MINERALS  AND  CHEMICAL 

CORPORATION  (CANADA)  LTD. 

1.0  PLANT  DESCRIPTION 

International  Minerais  and  Chemicals  (IMG)  shutdown  its  manufacturing  units  in  1984. 
The  plant  had  manufactured  phosphoric  acid,  sulphuric  acid,  calcium  phosphate,  mono 
ammonium  phosphate,  and  various  grades  of  super-phosphate  fertilizer.  The  operation 
of  the  wastewater  treatment  facility,  and  the  managernent  of  the  decommissioning  oper- 
ations constitute  the  primary  activities  at  IMC.  EMC's  wastewater  treatment  facility  is 
used  to  treat  storm  water  from  onsite  phosphogypsum  ponds  and  the  plant  site. 

The  intake  water,  from  the  Grand  River,  is  screened  and  chlorinated  by  the  Town  of 
Dunnville.  Water  is  used  to  make  slaked  lime  slurry  for  treating  storm  water,  for  dom- 
estic purposes  and  for  dust  control  of  the  uncapped  portion  of  one  of  the  phosphogyp- 
sum ponds. 

Details  on  the  plant,  the  water  treatment  facility  and  wastewater  generation  are  pre- 
sented in  the  site  visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Sources 

All  wastewater  generated  on  the  site  is  collected  in  the  Pretreatment  Collection  Pond, 
and  passes  through  the  wastewater  treatment  plant  prior  to  discharge  to  the  Grand 
River.  The  wastewater  stream  consists  of: 

•  Runoff  and  seepage  into  ditches  aroimd  the  phosphogypsum  Ponds  A,  B 
and  C. 

•  Storm  water  runoff  from  the  plant  site. 

•  Wastewater  from  Pond  D2,  which  includes  wastewater  treatment  plant 
sludge  supernatant,  overflows  from  the  Pretreatment  Collection  Pond  and 
runoff  and  seepage  collected  in  ditches  around  Ponds  Dl  and  D2. 

The  net  rate  of  wastewater  generation  from  these  sources  is  equivalent  to  the  net 
armual  precipitation  on  the  total  plant  property  (i.e.  precipitation  minus  evaporation), 
plus  any  additional  raw  water  that  was  added  to  flood  the  surface  of  Pond  A  for  dust 
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control.  During  the  12  month  MISA  Monitoring  Regulation  period,  this  flow  averaged 
2,820  m^/d. 

At  the  wastewater  treatment  facility,  a  slaked  lime  slurry  is  added  to  the  wastewater  for 
phosphorus  and  fluoride  removal  in  two  mixed  reactors  connected  in  series.  The  efflu- 
ent from  the  second  reactor  discharges  to  the  primary  settling  tank,  where  a  polymeric 
flocculant  is  added  (Alchem  Inc.  85030).  Ferrous  chloride  is  added  to  the  effluent  from 
the  primary  settling  tank  to  further  improve  phosphorus  and  fluoride  removal.  The 
effluent  from  the  secondary  settling  tank  is  discharged  to  an  outdoor  settling  pond 
(polishing  pond),  which  discharges  to  the  Grand  River  at  Control  Point  CO0300. 


22  Wastewater  Flows  and  Quality 

Appendix  Table  Al  Appendix  presents  the  average,  maximum  and  minimum  flow  and 
concentration  data  for  those  contaminants  defined  by  the  Ministry  of  the  Environment 
as  "Priority  1"  for  the  MISA  Control  Point  CO0300  at  International  Minerals  and 
Chemical  Corporation  (Canada)  Ltd. 


3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  runoff^,  were  considered  for 
each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

frout  and  Daphnia  magna. 

Option  2        -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S.  • 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 


Storm  water  ruooS  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct 
a  Storm  Water  Control  Study  at  each  site. 
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Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  is  addressed  in  the  following  discussion. 


BAT  Option  1 

Toxicity  data  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Monitoring  Regulation  period  by  the  Ministry  of  the  Environment  are  presented  in 
Appendix  Table  A2.  Seven  rainbow  trout  tests  and  six  Daphnia  magna  tests  were 
carried  out  on  samples  taken  at  Control  Point  CO0300.  The  lethal  concentrations  of 
the  trout  samples  ranged  from  86.4  percent  to  non-lethal,  with  three  non-lethal 
samples.  Half  of  the  samples  tested  with  Daphnia  magna  were  non-lethal  and  the 
remainder  had  lethal  concentrations  greater  than  100  percent.  Since  a  review  of  the 
"Priority  1"  pollutants  presented  in  Table  Al  reveals  no  obvious  toxicity  source,  IMC 
should  consider  implementing  a  Toxicity  Reduction  Study. 

In  order  to  produce  a  non-toxic  effluent,  several  tasks  should  be  considered  within  the 
scope  of  a  Toxicity  Reduction  Study,  including: 

Confirm  the  toxicity  of  the  effluent. 
Enimierate  potential  toxic  contaminants. 
Identify  sources  of  potential  toxic  contaminants. 
Identify  alternatives  to  eliminate  toxic  contaminants. 
Develop  a  toxicity  reduction  management  program. 
Implement  a  toxicity  reduction  management  program. 

Since  BAT  Option  1  is  dependent  upon  the  outcome  of  the  Toxicity  Reduction  Study, 
no  recommendations  concerning  the  application  of  pollution  control  technology  can  be 
made  at  this  time. 


BAT  Option  2 

Under  40  CFR  Part  418  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  Subpart  A, 
BAT  is  defined  for  the  phosphate  subcategory.  Since  IMC  is  discharging  process 
wastewater  pollutants  from  the  phosphogypsum  ponds  only,  a  portion  of  the  U.S.  BAT 
for  this  Subcategory  do  not  apply.  The  relevant  regulations  include: 
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The  wastewater  treatment  facility  must  be  designed,  constructed  and  operated  to 
maintain  a  surge  capacity  equal  to  the  runoff  from  the  25  year  24  hour  rainfall 
event. 

The  effluent  must  be  in  compliance  with  the  maximum  daily  limit,  and  the  aver- 
age over  30  days,  for  total  phosphorus,  and  fluoride.  The  U.S.  EPA  BAT  efflu- 
ent limits,  compared  with  the  effluent  levels  achieved  at  IMC  during  the  MISA 
Monitoring  Regulation  period  are  presented  in  Table  1. 

The  total  suspended  solids  limits  (150  mg/L  daily  maximum,  and  50  mg/L  maxi- 
mum average  over  30  days)  are  waived  from  runoff  from  a  calcium  sulphate 
storage  pile  by  the  U.S.  EPA  provided  the  wastewater  is  chemically  treated,  and 
settled  or  clarified  to  meet  the  other  pollutant  limitations. 


Table  1 
U.S.  BAT  Limits  Compared  to  IMC  Effluent  Concentrations^ 

Parameter 

VS.  BAT  EmiMnl  Umit  (mg/L) 

IMC  Eniueot  CoocentraUoDS  (mg/L) 

Daily  MaximmB 

(mg/L) 

Anngt  Orer  30  Days 

Daily  Maximam 

(mg/L) 

Average  Over  30  Days 

(mga) 

Total  Phosphorus 

Fluoride 

Total  Suspended  Solids 

<  105 

<  75 
<  150 

<  35 

<  25 

<  50 

1.73 
16.8 

7.71 

0.41  to  0.77 
6.8  to  1Z6 

5.25  to  12J 

Notes: 

1.  Data  from  12  month  MISA  Monitoring  Regulation  period. 

2.  Range  of  monthly  averages  from  12  month  MISA  Monitoring  Regulation  period. 

3.  U.S.  BAT  suspended  solids  limits  are  waived  for  efOuent  from  gypsum  storage  piles. 

The  first  U.S.  BAT  regulation  is  satisfied,  since  the  freeboard  storage  capacity  in  the 
two  onsite  storage  ponds  amounts  to  370,000  m-'  compared  to  a  volume  of  107,240  m^ 
which  corresponds  to  a  25-year  24-hour  rainfall  event  (Ref.  4  and  5). 

The  data  presented  in  Table  1  reveals  that  IMC  is  already  achieving  an  effluent  quality 
well  above  the  U.S.  BAT.  Therefore,  no  changes  to  the  existing  system  at  IMC  are 
recommended  tmder  BAT  Option  2. 


BAT  Option  3 

Although  there  were  two  Ontario  phosphorus  plants  included  in  this  study,  they  are 
significantly  different. 
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Albright  and  Wilson  Americas  produces  phosphoric  acid  using  the  dry  furnace  process, 
as  well  as  secondary  products  such  as  sodium  and  potassium  phosphates,  whereas  the 
only  activity  at  IMC  is  the  treatment  of  storm  water  from  the  phosphogypsum  ponds 
and  the  plant  site,  and  the  management  of  the  decommissioning  activities. 

ICI  Courtright  (Lambton  Works)  also  produced  phosphate-based  fertilizers  until  shut- 
down of  those  units  in  1984.  From  October  1985  to  October  1987,  process  wastewater 
from  the  ICI  phosphogypsum  ponds  was  treated  using  a  lime  addition  and  settling  sys- 
tem followed  by  direct  discharge.  However,  this  practice  was  stopped  by  the  MOE  in 
1987.  Currently,  process  wastewater  remaining  in  the  ponds  is  being  held  until  final 
decisions  regarding  treatment  and  discharge  are  made. 

Since  IMC  is  demonstrating  the  best  technology  currently  is  use  in  the  Ontario  Inor- 
ganic Chemical  Sector,  the  recommended  BAT  Option  3  is  the  existing  system. 


BAT  Option  4 

BAT  Option  4  is  intended  to  provide  maximum  overall  water  pollution  control.  Exam- 
ination of  the  "Priority  1"  pollutants  found  in  CO0300  during  the  MISA  Monitoring 
Regulation  period  suggests  that  only  a  few  of  the  contaminants  present  are  at  treatable 
levels. 

Although  the  level  of  oil  and  grease  is  low  (1.06  mg/L),  an  oil  absorption  column  pre- 
sented in  the  General  Technology  Report  (Ref.  2)  could  be  used  to  reduce  these  levels. 
The  likely  source  of  oil  and  grease  is  storm  water  from  the  plant  areas.  Reduction  or 
elimination  of  this  contaminant  will  likely  be  based  on  in-plant  management  practices, 
or  storm  water  control. 

Coagulation,  settling  and  filtration  could  be  used  to  reduce  the  total  suspended  solids 
concentration  from  7.7  mg/L  to  5  mg/L  (Ref.  3).  However,  implementation  of  coagula- 
tion/settling/filtration system  will  produce  related  problems  which  must  be  addressed, 
including: 

•  The  impacts  of  water  treatment  chemicals  on  effluent,  in  terms  of 
contaminant  concentrations  and  toxicity. 

•  The  handling  and  disposal  of  wastewater  treatment  residuals. 

•  The  dependence  of  removal  performance  on  system  reliability  and  oper- 
ator training. 

Because  of  these  problems  and  the  very  low  levels  of  TSS  in  the  effluent,  technologies 
to  reduce  TSS  are  not  recommended  in  BAT  Option  4. 


TOR/INORG3/994.51 


In  order  to  reduce  or  remove  sulphide  (40  jig/L)  from  the  efQuent,  oxidation  to  a  sul- 
phur-floc  and/or  sulphate  is  recommended.  Due  to  the  non-selective  nature  of  oxidiz- 
ing agents,  and  the  presence  of  other  oxidizable  species  in  the  wastewater,  it  is  difficult 
to  predict  the  optimum  pH,  the  required  time  for  reaction  completion,  the  oxidizing 
agent  dosage,  and  the  most  effective  oxidizing  agent,  without  significant  bench  testing 
(Ref.  6).  Because  the  sulphide  levels  in  the  effluent  are  not  excessive,  and  the  pro- 
posed treatment  is  not  likely  to  effect  a  significant  change  in  the  effluent  quality,  BAT 
Option  4  does  not  include  a  recommendation  for  sulphide  removal. 

Both  fluoride  (9.42  mg/L)  and  sulphate  (1,690  mg/L)  likely  originate  from  the  phos- 
phogypsum  ponds.  Because  sulphate  and  fluoride  are  highly  soluble,  conventional 
means  of  removal  (i.e.  chemical  addition)  are  not  feasible. 

Both  the  fluoride  and  sulphate  are  present  at  treatable  levels.  The  treatment  technol- 
ogy that  would  be  required  includes: 

•  Preconcentration  of  the  waste  stream  using  reverse  osmosis,  ion  exchange 
or  electrodialysis.  Flow  rates  of  residuals  requiring  further  treatment  will 
total  approximately  10  to  30  percent  of  the  original  flow. 

•  Further  concentration  of  the  waste  stream  through  evaporative  technol- 
ogies such  as  vapour  compression  evaporation  or  steam-driven  evapor- 
ation. 

•  Crystallization  of  the  concentration  waste  stream  through  the  use  of  spray 
dryers  or  equivalent  technologies. 

•  Disposal  of  resulting  solid  wastes. 

Preconcentration  technologies  require  careful  control  of  operating  conditions  to  avoid 
fouling  or  deterioration  of  membranes  or  resins  and  may  require  additional 
pretreatment  steps  such  as  removal  of  solids  and/or  organics.  All  of  these  technologies 
are  both  energy  and  labour  intensive.  Further  description  of  these  technologies,  and 
more  detailed  information  on  capital  and  operating  costs  appear  in  a  separate  report. 
These  added  operational  and  technological  complexities  are  not  likely  to  be  offset  by 
the  improvements  in  wastewater  quality  which  would  result  at  IMC.  Thus,  BAT  Option 
4  does  not  include  measure  for  the  control  of  dissolved  solids  such  as  fluorides  and 
sulphates. 

Technologies  for  the  removal  of  low  levels  of  the  remaining  contaminants  which  are 
primarily  metals,  present  in  the  effluent  at  Control  Point  CO0300,  may  be  available  and 
have  been  used  in  specific  non-industrial  applications  (e.g.  drinking  water  treatment). 
However,  an  exhaustive  global  search  carried  out  as  part  of  this  study  did  not  identify 
practical  applications  of  these  technologies  to  treating  industrial  wastewater  effluent 
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with  similar  contaminant  concentrations.  Thus,  recommendations  for  BAT  Option  4  do 
not  include  technologies  for  the  removal  of  these  contaminants. 

Careful  review  of  the  process,  raw  materials,  product  and  chemicals  used  at  the  plant 
within  the  scope  of  this  study  did  not  reveal  a  source  of  phenol  (8.8  ng/L).  The  likely 
source  of  phenols  is  storm  water  from  the  plant  area.  Reduction  or  elimination  of  this 
contaminant  will  be  likely  based  on  best  management  practices,  or  storm  water  control. 

In  summary,  no  changes  to  the  existing  system  at  IMC  are  recommended  under  BAT 
Option  4. 


BAT  Option  5 

Opportunities  for  consumption  of  the  treated  effluent  from  IMCs  wastewater  treatment 
facility  do  not  exist,  nor  is  construction  of  an  evaporation  pond  with  sufficient  capacity 
to  evaporate  the  current  discharges  feasible.  The  recommendation  for  BAT  Option  5 
is  the  existing  system. 


Summary 

A  summary  of  the  BAT  Options  for  IMC  are  presented  in  Table  2. 


Table  2 
Summary  of  BAT  Options  for  International  Minerals  and  Chemical  Corporation 

(Canada)  Ltd. 

BAT  Option 

Definition 

Description 

1 

I  £ast  cost  producing  non-lethal 
effluent 

Dependant  upon  outcome  of  Toxicity  Reduc- 
tion Study. 

2 

U.S.  BAT. 

No  change  to  exiting  system. 

3 

Best  demonstrated  in  Ontario. 

No  change  to  existing  system. 

4 

Maximum  reduction  of  pollutants. 

No  change  to  existing  system. 

5 

- 

Furthest  towards  zero-discharge 
of  pollutants. 

No  change  to  existing  system. 
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APPENDIX 
Tables 


Table  AI,  International  Minerals  and  Chemicals  Corporation 

(Canada)  Ltd.,  Port  Maitland 
Summary  of  Flows  and  Priority  One  PoDutants 
MISA  Control  Point:  CO0300 
Description:  Final  Effluent 

Corttaminant 

Units 

Concentration  over  12  Month 
Samping  Period 

Ljoading 
(kfl«) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

336 

3870 

2820 

COD 

mg/L 

39 

40 

39.5 

108.234 

Hydrogen  Ion  (pH) 

6.5 

9.35 

7.632 

Ammonia  Plus  Ammonium 

mg/L 

0.025 

8.2 

1.088 

3.069 

Total  Kjeidahl  Nitrogen 

mg/L 

0.16 

9 

1.647 

4.708 

Nitrate  and  Nitrite 

mg/L 

0.025 

2.7 

0.757 

2.126 

DOC 

mg/L 

5 

13 

^  '■' 

20.51 

TOC 

mg/L 

5.6 

l^ 

V^-912 

18.576 

Total  Phosphoms 

mg/L 

0.14 

.iîS#^ 

^'  0.654 

1.866 

Specific  Conductance 

uS/cm 

1540 

'^^^^ 

2780 

Total  Suspended  Solids 

mg/L 

<A 

.e.^^^ 

7.7 

21.798 

Aluminum 

ug/L 

U* 

ir     550 

69 

0.203 

Boron 

ug/L 

58 

110 

87.5 

0.237 

Strontium 

ug/L 

500 

1200 

822 

2.254 

Zinc 

ug/L 

4 

43 

10.2 

0.03 

Phenolics  (4AAP) 

ug/L 

3 

50 

8.8 

0.021 

Sulphide 

ug/L 

20 

60 

40 

0.106 

Oil  and  Grease 

mg/L 

0.96 

2.2 

1.06 

3.048 

Chloride,  Unfiltered  Reactive 

mg/L 

40 

44 

42 

114.808 

Fluoride,  Unfiltered  Reactive 

mg/L 

5.3 

16.8 

9.42 

26.544 

Sulphate,  Unfiltered  Reactive 

mg/L 

700 

2500 

1690 

4826.212 

Table  A2 

Toxicity  Data  for  International  Minerals  and  Chemical  Corporation  (Canada)  Ltd. 

for  the  First  Six  Months  of  MISA  Monitoring  Regulation 

Test  Species 

Number  of 
Samples 

Range  of  Data 

Number  of  Non- 
Lethal  Samples 

Rainbow  trout 
Daphnia  magna 

7 
6 

86.5%  to  non-lethal 
>  100%  to  non-lethal 

3 
3 

IMC 

Port  Maitland 


CONCENTRATIONS 

LOADINGS  kg/d 

ATG 

PARAMETER 

RMOL 

UNIT 

CO  0300 

CO  0300 

c 

Total  suspended  soOds 

5 

mg/L 

7.76 

22.3 

c 

Hydrogen  ion  (pH) 

7.68 

c 

Specific  conductance 

uS/cm 

2860 

c 

DOC 

0.5 

mgA. 

7.6 

20.5 

c 

TOC 

5 

mg/L 

6.91 

18.6 

c 

Oil  and  grease 

1 

mg/L 

1.06 

3.05 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

1.09 

3.07 

c 

Nitrate+ Nitrite 

0.25 

mg/L 

0.757 

Z13 

c 

Total  IQeldahl  nitrogen 

0.5 

mg/L 

1.65 

4.71 

c 

Total  phosphorus 

0.1 

mg/L 

0.645 

1.87 

09 

Aluminum 

30 

ug/L 

69 

0.203 

09 

Boron 

50 

ug/L 

87.5 

0.237 

09 

Strontium 

20 

ug/L 

823 

2.25 

09 

Zinc 

10 

ug/L 

10.2 

0.03 

14 

Phenolics  (4AAP) 

2 

ug/L 

8.75 

0.021 

15 

Sulphide 

20 

ug/L 

40 

0.106 

24 

Octachlorocfibenzo— p— dioxin 

30 

pg/L 

41 

- 

98 

Fttlow 

m3/d 

2860 

11 

Chloride 

2 

mg/L 

42 

115 

12 

Fluoride 

0.1 

mg/L 

9.48 

27.1 

13 

Sulphate 

5 

mg/L 

1690 

4830 

Notes 


CO0300  is  the  stream  "Final  Effluent  to  River*.  This  discharges  into  Lake  Erie. 


APPENDIX  14 
Liquid  Carbonic  (Courtright) 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

LIQUID  CARBONIC  INC.  (COURTRIGHT) 

1.0  PLANT  DESCRIPTION 

Liquid  Carbonic  Inc.  in  Courtright,  Ontario,  produces  purified  liquid  carbon  dioxide  in 
a  two-stage  compression  and  cooling  process.  Intake  water  from  the  St.  Qair  River  is 
used  at  the  plant  for  once  through  non-contact  cooling  of  compression  and  condensing 
systems.  Details  on  the  plant,  processes  and  wastewater  generation  are  provided  in  the 
associated  site  visit  report  (Ref.  1). 

2.0  WASTEWATER  SOURCES  AND  QUALITY 

Discharge  sources  from  the  plant  include  once  through  non-contact  cooling  water,  roof 
stormwater,  and  compressor  condensate  and  wash  water  from  within  the  process  build- 
ing, which  have  been  treated  in  an  oil  water  separator.  These  were  all  combined  for 
monitoring  under  the  MISA  Monitoring  Regulation  at  Control  Point  COOIOO.  The 
average  flow  at  this  point  during  the  12  months  of  MISA  monitoring  was  4,849  m-^/d. 

22  Wastewater  Flows  and  Quality 

Table  Al  in  the  Appendix  presents  the  average,  maximum  and  minimum  flow  and 
concentration  data  for  those  contaminants  defined  by  the  Ministry  of  the  Enviroimaent 
as  "Priority  1"  for  the  MISA  Control  Point  COOIOO  at  Liquid  Carbonic  (Courtright). 

Table  A2  presents  contaminants  measured  in  intake  water,  at  IN0200. 
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3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for 
wastewater  management,  with  the  exception  of  storm  water  runoff^,  were  considered 
for  each  Ontario  Inorgam'c  Chemical  Sector  plant: 

Option  1         -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  S         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  the  Options  are  addressed  in  the  following  discussion. 


BAT  Option  1 

Toxicity  data  were  collected  and  verified  for  the  first  six  months  of  the  MISA  Regula- 
tion Monitoring  period  by  the  Ministry  of  the  Environment.  Three  tests  of  the  final 
effluent  at  Control  Point  COOIOO  were  carried  out  on  rainbow  trout  and  Daphnia 
magna.  All  of  the  samples  were  non-lethal.  Thus,  the  existing  waste>yater  management 
system  is  considered  BAT  Option  1. 


BAT  Option  2 

Under  40  CFR  Part  415  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  Subpart 
AF  for  the  Carbon  Dioxide  Production  Subcategory,  effluent  limitations  were  not 


Storm  water  runoff  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct  a 
Storm  Water  Control  study  at  each  site. 
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defined  and  the  category  was  reserved.    Therefore,  a  BAT  Option  2,  incorporating 
technologies  selected  by  the  U.S.  EPA  for  comparable  facilities,  was  not  identified. 


BAT  Option  3 

Five  Ontario  gas  plants  included  in  the  Ontario  Inorganic  Chemical  Sector  were  ex- 
amined as  part  of  this  study.  A  summary  of  wastewater  technology  at  Ontario  gas 
plants  is  presented  in  Table  1.  Both  cooling  towers  and  once  through  cooling  water 
systems  are  used,  in  addition  to  gravity  oil/water  separation  of  compressor  condensates. 


Table  1 
Comparison  of  Operating  Features  at  Five  Ontario  Gas  Plants 

Plant 

Operating  Feature 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Moore  Township 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  735 
-       Dearborn  Poly-El-PH905 

•  Municipal  water  source. 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Samia 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  735 

-  Dearborn  Poly-El-PH905 

-  Bird-Archer  3057 

•  Municipal  water  source. 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Sault  Ste.  Marie 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  546 
Dearborn  726 
-      Dearborn  Poly-El-PH905 
Dearborn  747 

•  Cooling  tower  blowdown  solids  are  concentrated  in  a  <yclone  separ- 
ator prior  to  discharge. 

•  Water  source-  Lake  Superior. 

Liquid  Carbonic  Inc  - 
Courtright 

•  Once  through  non-contact  cooling  water. 

•  Water  source-  ICI  Nitrogen  Products,  Lambton  Works 

Liquid  Carbonic  Inc.  - 
Maitland 

•  Both  once  through  and  cooling  tower  non-contaa  cooling  water  is 
used. 

•  Water  treatment  chemicals: 

Betz  C63P  (bromine) 

-  Betz  MS-120 

-  Betz  J-12 

-  Betz  35106 

-  Betz  K-1-2 

•  Water  source-  onsite  well. 
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Although  systems  vary  slightly  from  plant  to  plant,  in  general,  all  of  these  plants  have 
equivalent  technologies  for  wastewater  management,  and  no  one  plant  could  be  con- 
sidered as  representing  the  best  in  use  in  Province.  Thus,  BAT  Option  3  was  defined 
as  the  existing  system  at  the  Liquid  Carbonic,  Courtright  plant. 


BAT  Option  4 

Review  of  the  raw  water  and  efOuent  data  shows  that  none  of  the  contaminants  in 
effluents  from  the  plants  were  at  levels  that  significantly  exceeded  those  in  raw  water. 
Thus,  there  is  no  indication  that  contaminants  are  being  contributed  through  plant 
operations. 

Technologies  for  the  removal  of  low  levels  of  contaminants  present  in  Liquid  Carbonic 
effluents  may  be  available  and  have  been  used  in  specific  non-specific  applications  (e.g. 
drinking  water  treatment).  However,  an  exhaustive,  global  search  carried  out  as  part  of 
this  study  did  not  identify  practical  applications  of  these  technologies  to  treating  indus- 
trial wastewater  effluents  with  similar  contaminant  concentrations.  Thus,  BAT  Option 
4  is  defined  as  the  existing  system. 


BAT  Option  5 

Technologies  that  would  advance  the  plant  toward  zero-discharge  of  contaminants  were 
not  identified  in  a  global  search.  Cooling  water  provided  by  once  through  or 
recirculating  cooling  tower  systems  is  invariably  used  to  cool  process  equipment  in  in- 
dustrial gas  manufacturing.  Other  cooling  methods,  such  as  closed  loop  air  cooled  sys- 
tems, would  require  very  large  capital  expenditures  and  land  area  for  expansive  heat 
exchange  equipment  requirements,  and  would  not  be  effective  in  warmer  months  in 
Ontario. 

And  finally,  opportunities  for  consumption  of  cooling  water,  condensate  or  wash  water 
do  not  exist  in  the  compression  and  purification  of  carbon  dioxide  gas.  Therefore,  BAT 
Option  5  was  defined  as  the  existing  system. 


Summary 

Table  2  presents  a  summary  of  BAT  Options  identified  for  the  Liquid  Carbonic, 
Courtright  plant. 
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Table  2 
Summary  of  BAT  Options  for  Liquid  Carbonic,  Courtright 

BATOpUoD 

OeOnlUoa 

Dcscriptioa 

1 

Least  cost  produdng  noo-lethal  efQuenu. 

No  changes  to  edsting  system. 

2 

U^.  BAT. 

No  U.S.  BAT  defined. 

3 

Best  demonstrated  in  Gotario. 

No  changes  to  eadstiog  ^rstem. 

4 

Maximum  reduction  of  pollutants. 

No  changes  to  eacistiog  system. 

5 

Funhest  toward  zcro-<lischarge  contaminants. 

No  changes  to  odsting  system. 

4.0 


REFERENCES 


Inorganic  Chemical  Sector  Plants  Site  Visit  Report  -  Liquid  Carbonic  Inc.; 
(Courtright)  March  29,  1991  (unpublished). 
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APPENDIX 
Tables 
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Table  A1 ,  Liquid  Carbonic  Inc.,  Courtright 
Summaiy  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CCX)1 00 
Description:  South  Ditcti 

Contaminant 

Units 

Concentration  over  12  Montti 
San^ng  Period 

Loading 
(kg«) 

Minimum 

Maximum 

Mean 

Row 

m3/d 

297 

1360 

4850 

Hydrogen  Ion  (pH) 

7.1 

11 

^^^.5 

DOC 

mg/L 

0.5 

A-^ 

""x^.S-S 

29.053 

TOC 

mg/L 

0.5 

,C=5S\^15.^V-   5.9 

30.852 

Specific  Conductance 

uS/cm 

t?Ci6 

^  Kmi 

217 

Aluminum 

ug/L 

•  2fc;&^       122 

64 

0.32 

Boron 

ug/L 

13 

225 

72.1 

0.406 

Strontium 

ug/L 

23 

2170 

415 

2.579 

Zinc 

ug/L 

3 

59 

14 

0.076 

Oil  and  Grease 

mg/L 

0.6 

10.8 

2.5 

11.5 

Table  A2.  Liquid  Cartxsnic  Inc.,  Courtiight 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  IN0300 
Description:  Intake 


Contaminant 


Units 


Concentration  over  12  Month 
SampingPgà: 


Minimum 


My^jflff 


flpd 


f^ 


Mean 


DOC 


mg/L 


;^ 


Aluminum 


ug/L 


52 


Boron 


ug/L 


-^ 


84 


Strontium 


ug/L 


108 


2500 


590 


Zinc 


ug/L 


376 


87 


Oil  and  Grease 


mg/1 


0.8 


12.8 


Table  A3 
Toxicity  Data  for  Liquid  Carbonic  Inc.  (Courtright)  for  the  First  Six  Months  of 
MISA  Monitoring  Regulation                         L 

Test  Species 

Number  of  Samples 

Range  of  Lethal 
Concentration  Data 

Number  of  Non- 
lethal  Samples 

Rainbow  trout 
Daphnia  magna 

3 
3 

all  non-lethal 
all  non-lethal 

3   . 
3 
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Liquid  Carbonic 
Courtright 


CONCENTRATIONS 

LOADINGS   kg/d 

ATG 

PARAMETER 

RMDL 

UNIT 

CO  0100 

IN  0300 

CO  0100 

IN  0300 

c 

Total  suspended  solids 

5 

mg/L 

2.93 

3.33 

14.1 

16.1 

c 

Hydrogen  ion  (pH) 

8.47 

c 

Specific  conductance 

uS/cm 

217 

c 

DOC 

0.5 

mg/L 

5.79 

^5 

29.1 

12.1 

c 

TOC 

5 

mg/L 

5.89 

3.7 

30.9 

18 

c 

Oil  and  grease 

1 

mg/L 

2.52 

4.97 

11.5 

24.1 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

0.31 

0.433 

c 

Nrtrate+ Nitrite 

0.25 

mg/L 

0.2 

0.279 

c 

Total  Kjeldahl  nitrogen 

0.5 

mg/L 

0.5 

0.698 

c 

Total  phosphorus 

0.1 

mg/L 

0.019 

0.01 

0.101 

0.049 

09 

Aluminum 

30 

ug/L 

63.5 

51.6 

0.32 

0.25 

09 

Boron 

50 

ug/L 

72.1 

83.8 

0.406 

0.407 

09 

Strontium 

20 

ug/L 

415 

590 

2.58 

2.86 

09 

Zinc 

10 

ug/L 

14.5 

87 

0.076 

0.422 

98 

FtflO¥» 

m3/d 

4860 

Notes 


C00100  is  the  "Effluent  to  South  Ditch". 

Discharge  is  to  the  St.  Clair  River  via  ICI  Courtright  stream  CO  0200. 


APPENDIX  15 
Liquid  Carbonic  (Maitland) 


INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

LIQUID  CARBONIC  INC.  (MAITLAND) 


1.0  PLANT  DESCRIPTION 

Liquid  Carbonic  in  Maitland,  Ontario,  purifies  and  compresses  carbon  dioxide  in  four 
independent  production  plants,  in  addition  to  producing  of  dry  ice.  Water  supplied  to 
the  plant  from  an  on-site  well  is  used  as  once  through  cooling  water,  gas  scrubber  water 
and  wash  water.  A  portion  of  water  is  softened  for  use  as  cooling  tower  make-up 
water.  Details  on  the  plant  processes  and  wastewater  management  are  presented  in 
the  site  visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Sources 

All  discharges  within  the  plant  were  combined  for  monitoring  at  a  single  MISA  Control 
Point  COO  100  during  the  MISA  Regulation  monitoring  period.  Discharges  sources 
include: 

•  Compressor  condensate  from  all  four  production  units,  and  floor  drain 
discharges  from  two  units  which  have  been  treated  in  a  single  gravity 
oil/water  separator. 

•  Once  through  cooling  water  from  one  production  unit  and  from  the  dry 
ice  plant. 

•  Gas  scrubber  water  from  one  production  unit,  which  is  produced  inter- 
mittently. 

•  Cooling  tower  blowdown  from  a  cooling  system  that  is  used  in  three  pro- 
duction units. 

•  Water  softener  backwash  water. 

•  Storm  water  nmoff  from  all  plant  areas  including  roof  drains. 

Row  data  were  not  provided  for  the  proportion  of  flow  contributed  from  each  source. 
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2n2  Wastewater  Flows  and  Quality 

Table  Al  in  the  Appendix  presents  the  mean,  minimum  and  maximum  flow  and  con- 
centration data  from  MISA  Control  Point  COOIOO  for  the  parameters  defined  by  the 
Ontario  Ministry  of  the  Environment  as  Priority  1. 

Table  A2  presents  data  from  the  12  months  monitoring  period  for  the  intake  wear 
measured  at  IN0300. 


3.0       RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for 
wastewater  management,  with  the  exception  of  storm  water  runoff^  were  considered 
for  each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3         -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

poDution  reduction. 

Option  5        -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplementaJ/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  discussion. 


Storm  water  runoff  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct 
a  Storm  Water  Control  Study  at  each  site. 
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BAT  Option  1 

Toxicity  data  were  collected  and  verified  for  the  first  six  months  of  the  MISA  Regula- 
tion Monitoring  period  by  the  Ministry  of  the  Environment.  Three  tests  of  the  final 
effluent  at  Control  Point  COOIOO  were  carried  out  on  rainbow  trout  and  Daphnia 
magna.  All  of  the  samples  were  non-lethal.  Thus,  the  existing  wastewater  management 
system  is  considered  BAT  Option  1. 


BAT  Option  2 

Under  40  CFR  Part  415  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  subpart 
AF  for  the  Carbon  Dioxide  Production  Subcategory,  effluent  limitations  were  not 
defined  and  the  category  was  reserved.  Therefore,  a  BAT  Option  2,  incorporating 
technologies  selected  by  the  U.S.  EPA  for  comparable  facilities,  was  not  identified. 


BAT  Option  3 

Five  Ontario  gas  plants  included  in  the  Ontario  Inorganic  Chemical  Sector  were  exam- 
ined as  part  of  this  study.  A  summary  of  wastewater  technology  at  Ontario  gas  plants 
is  presented  in  Table  1.  Both  cooling  towers  and  once  through  cooling  water  systems 
are  used,  in  addition  to  gravity  oil/water  separation  of  compressor  condensates. 
Although  systems  vary  slightly,  from  plant  to  plant,  in  general,  all  of  these  plants  have 
equivalent  technologies  for  wastewater  management,  and  no  one  plant  could  be  con- 
sidered as  representing  the  best  in  use  in  Province.  Thus,  BAT  Option  3  was  defined 
as  the  existing  system  at  the  Liquid  Carbonic,  Maitland  plant. 


BAT  Option  4 

Review  of  the  raw  water  and  effluent  data  shows  that  none  of  the  contaminants  in 
effluents  from  the  plants  were  at  levels  that  significantly  exceeded  those  in  raw  water. 
Thus,  there  is  no  indication  that  contaminants  are  being  contributed  through  plant 
operations. 

Technologies  for  the  removal  of  low  levels  of  contaminants  present  in  Liquid  Carbonic 
effluents  may  be  available  and  have  been  used  in  specific  non-industrial  applications 
(e.g.  drinking  water  treatment).  However,  an  exhaustive,  global  search  carried  out  as 
part  of  this  study  did  not  identify  practical  applications  of  these  technologies  to  treating 
industrial  wastewater  effluents  with  similar  contaminant  concentrations.  Thus,  BAT 
Option  4  is  defined  as  the  existing  system. 
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Table  1 
Comparison  of  Operating  Features  at  Five  Ontario  Gas  Plants 

Plant 

Operating  Feature 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Moore  Township 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  735 
-       Dearborn  Poly-El-PH905 

•  Municipal  water  source. 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Samia 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  735 

-  Dearborn  Poly-El-PH905 

-  Bird-Archer  3057 

•  Municipal  water  source. 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Sault  Ste.  Marie 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  546 
Dearborn  726 
-      Dearborn  Poly-El-PH905 
Dearborn  747 

•  Cooling  tower  blowdown  solids  are  concentrated  in  a  cyclone  separ- 
ator prior  to  discharge. 

•  Water  source-  Lake  Superior. 

Liquid  Carbonic  Inc.  - 
Courtright 

•  Once  through  non-contaa  cooling  water. 

•  Water  source-  ICI  Nitrogen  Products,  Lambton  Works 

Liquid  Carbonic  Inc.  - 
Maitland 

•  Both  once  through  and  cooling  tower  non-contact  cooling  water  is 
used. 

•  Water  treatment  chemicals: 

Bet2  C63P  (bromine) 

-  Betz  MS- 120 

-  Betz  J-12 

-  Betz  35106 

-  Betz  K-1-2 

•  Water  source-  onsite  well. 

BAT  Option  5 

Technologies  that  would  advance  the  plant  further  toward  zero-discharge  of 
contaminants  were  not  identified  in  a  global  search.  Cooling  water  provided  by  once 
through  or  recirculating  cooling  tower  systems  is  invariably  used  to  cool  process 
equipment  in  industrial  gas  manufacturing.  Other  cooling  methods,  such  as  closed  loop 
air  systems,  would  require  very  large  capital  expenditures  and  land  area  for  expansive 
heat  exchange  equipment  requirements,  and  would  not  be  effective  in  warmer  months 
in  Ontario.  Thus,  this  approach  to  cooling  is  not  used  in  the  industry. 


TOR/INORG2;901J1 


And  finally,  opportunities  for  consumption  of  cooling  water,  condensate  or  wash  water 
do  not  exist  in  the  compression  and  purification  of  carbon  dioxide  gas.  Therefore,  tech- 
nologies included  in  BAT  Option  5  are  the  only  existing  system,  since  those  that  further 
the  plant  more  toward  zero  discharge  were  not  identified. 


Summary 

Table  2  presents  a  summary  of  BAT  Options  identified  for  the  Liquid  Carbonic, 
Maitland  plant. 


Table  2 
Summary  of  BAT  Options  for  Liquid  Carbonic,  Maitland 

BAT  Option 

Deflnitioa 

Oescriptioo 

1 

Least  cost  producing  non-lethal  effluents. 

No  changes  to  easting  system. 

2 

U.S.  BAT. 

No  U.S.  BAT  defined. 

3 

Best  demonstrated  in  Ontario. 

No  changes  to  cidstLng  system. 

4 

Maximum  reduction  of  pollutants. 

No  changes  to  existing  system. 

5 

Funhest  toward  zero-discharge  of  pollutants. 

No  changes  to  existing  system. 

4.0 
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Table  A1 ,  Liquid  Caitonk:  Inc.,  Maitland 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0100 
Description:  Main 

Contaminant 

Units 

Concentration  over  12  Month 
San^ng  Period 

Loading 
(kg^d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

0.454 

2960 

Xîa2l80 

DOC 

mg/L 

0.5 

\d^ 

^^     8.02 

18.032 

TOC 

mg/L 

0.5 

s^mv.si^^s-25 

18.547 

Specific  Conductance 

uS/cm 

^5«0N-.<^0- 

848 

Aluminum 

ug/L 

^%B^'487 

87.8 

0.083 

Boron 

ug/L 

Ilg 

.     280 

195 

0.458 

Strontium 

ug/L 

100 

2580 

1640 

3.909 

Zinc 

ug/L 

3 

448 

86.7 

0.214 

Oil  and  Grease 

mg/L 

0.1 

12.2 

2.8 

5.949 

Table  A2,  Liquid  Cartx)nic  Inc.,  Maitland 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  IN0300 
Description:  Intake 

Contaminant 

Units 

Concentration  over  12  Month 
SampingJ^çdod 

Minimum 

Jfpftem 

Mean 

TOG 

mg/L 

.4^ 

^r^x>^^ 

5.5 

Aluminum 

ug/L^ 

r^^  ^^?S\ 

jJ.  ^**  135 

62 

Boron 

ug/L^  '^Ç.^  ^ 

302 

188 

Strontium 

ug/L 

"      122 

2140 

1660 

Zinc 

ug/L 

49 

664 

244 

0\\  and  Grease 

mg/L 

0.5 

14 

5.2 

Table  A3 
Toxicity  Data  for  Liqaid  Carbonic  Inc.  (Maitland)  for  the  First  Six  Months  of 
MISA  Monitoring  Regulation 

Test  Spedes 

Number  of 
Samples 

Range  of  Lethal 
Concentration  Data 

Nomber  of  Non-lethal 
Samples 

Rainbow  trout 
Daphnia  magna 

4 
3 

all  non-lethal 
>  100  %  to  non-lethal 

4 
2 
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Liquid  Carbonic  Inc. 
Maitland 


CONCENTRATIONS 

LOADINGS   kg/d 

ATG 

PARAMETER 

RMDL 

UNfT 

CO  0100 

IN  0300 

CO  0100 

IN  0300 

c 

Total  suspended  sofids 

5 

mg/L 

1.32 

1.1 

2.86 

Z4 

c 

Hydrogen  ion  (pH) 

7.71 

c 

Specific  conductance 

uS/cm 

848 

c 

DOC 

0.5 

mg/L 

8.02 

1.9 

18 

4.15 

c 

TOC 

5 

mg/L 

9.25 

5.46 

18.5 

11.9 

c 

Oil  and  grease 

1 

mg/L 

2.88 

5.22 

5.95 

11.4 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

0.35 

0.807 

c 

Nitrato+ Nitrite 

0.25 

mg/L 

3.9 

8.99 

c 

Total  Kjeldahl  nitrogen 

0.5 

mg/L 

0.6 

1.38 

c 

Total  phospliorus 

0.1 

mg/L 

0.064 

0.127 

0.162 

0.277 

09 

Aluminum 

30 

ug/L 

87.8 

61.6 

0.084 

0.134 

09 

Boron 

50 

ug/L 

195 

188 

0.458 

0.411 

09 

Strontium 

20 

ug/L 

1640 

1660 

3.91 

3.63 

09 

Zinc 

10 

ug/L 

86.7 

244 

0.214 

0.533 

98 

Ftflow 

m3/d 

2180 

Notes 

Flow  data  accuracy  may  have  been  affected  by  a  hydraulic  disturbance  immediately 
upstream  of  the  primary  flow  monitoring  device. 

CO0100  is  the  "Effluent  to  Main  Outfall*  which  flows  to  the  St.  Lawrence  River. 
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Nitrochem  Inc. 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

NTTROCHEM  INC. 


1.0  PLANT  DESCRIPTION 

Nitrochem  Inc.  in  Maitland  produces  anhydrous  ammonia,  nitric  acid,  ammonium  nitrate 
liquor,  ammonium  nitrate  prills  and  "nitrogen  solutions"  (primarily  urea  ammonium 
nitrate).  Intake  water  from  the  St.  Lawrence  River  is  filtered  and  chlorinated  for  use  at 
the  plant.  A  portion  of  water  is  further  treated  by  carbon  adsorption  and  softening  for 
use  as  boiler  water  make-up.  Additional  treatment  by  ion  exchange  and  carbon  dioxide 
degassing  is  employed  for  water  used  in  the  hydrogen  plant  and  in  nitrogen  solutions 
production. 

Details  on  the  plant  processes,  water  use  and  wastewater  sources  are  provided  in  the  site 
visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

With  a  few  exceptions,  all  process  wastewater  streams  generated  at  Nitrochem  are  col- 
lected and  reused  in  the  production  of  liquid  nitrogen  fertilizer  products.  One  concen- 
trated ammonia  contaminated  stream,  and  several  minor  streams  such  as  air  compressor 
condensates,  decarbonation  solution  and  gas  scrubber  water  are  directed  to  a  Clear 
Water  Pond,  which  discharges  to  the  St.  Lawrence  River.  Non-process  effluents,  inclu- 
ding boiler  and  cooling  tower  blowdown,  water  treatment  régénérants  and  backwash 
water  are  also  directed  to  this  pond. 

An  anaerobic  digestion  system  is  used  to  treat  sanitary  flows  generated  at  the  plant. 
Chlorinated  supemate  from  the  digester  combines  with  the  Gear  Water  Pond  effluent 
for  discharge. 

The  most  contaminated  storm  water  runoff  from  the  production  area  produced  at  the 
beginning  of  a  rainfall  event,  referred  to  as  the  "first  flush",  is  directed  to  an  Equalization 
Pond,  and  is  normally  pumped  to  the  nitrogen  products  area  for  reuse  in  products.  Dur- 
ing heavier  storms,  after  the  "first  flush",  this  water  normally  is  discharged  with  plant 
effluents  from  the  Clear  Water  Pond.  In  addition,  storm  water  flows  from  the  gas  pro- 
duction area  are  discharged  directly  with  effluents  from  the  Gear  Water  Pond. 

Clear  Water  Pond  effluents  combined  with  digester  supemate  and  storm  water  from 
heavier  storm  events  were  monitored  under  the  MISA  Monitoring  Regulation  at  Control 
Point  CO0400. 


TOR/INORG3/992J1 


Storm  water  from  non-production  areas,  and  overflows  from  the  production  areas  that 
result  in  severe  storm  events,  were  monitored  at  MISA  Control  Point  ST0500. 


22  Wastewater  Flow  and  Quality 

Table  Al  presents  average,  maximiun  and  minimum  flow  and  concentration  data  for 
those  parameters  considered  to  be  "Priority  1"  by  the  Ministry  of  the  Environment  for  the 
MISA  Control  Point  CO0400  at  Nitrochem  Inc. 


3.0  RATIONALE  FOR  SELECnON  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  runoff^,  were  considered  for  each 
Ontario  Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow  trout 

and  Daphnia  magna. 

Option  2        -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facilities 

in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduaion. 

Option  S        -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technologies, 
or  cross-over  technologies  from  other  industrial  sectors,  which  will 
advance  the  Ontario  plant  the  furthest  toward  virtual  elimination 
and  the  ultimate  goal  of  zero  discharge  of  contaminants. 

Each  of  these  options  are  addressed  in  the  following  subsections. 


Storm  water  ninoS  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct  a 
Stonn  Water  Control  Study  at  each  site. 
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3.1  BAT  Option  1 

Toxicity  data  collected,  compiled  and  verified  by  the  Ministry  of  the  Environment  for  the 
first  six  months  of  the  MISA  Monitoring  Regulation  period  are  presented  in  Table  A2. 
Seven  tests  on  rainbow  trout  and  six  tests  oh  Daphnia  magna  were  all  acutely  lethal  at 
concentrations  less  than  18  percent. 

A  review  of  Table  Al  in  the  Appendix  indicates  that  several  contaminants  in  effluents 
monitored  at  CO0400  are  at  levels  that  might  contribute  to  toxicity.  The  most  obviously 
toxic  pollutants  are  ammonia  and  pH.  However,  the  synergistic  or  antagonistic  effects  of 
other  contaminants  such  as  nitrate,  cyanide,  phenols,  metals  and  trace  organics  cannot  be 
defined,  but  may  also  contribute  to  toxicity. 

In  the  least  cost  case,  only  a  minimum  levels  of  pollutant  control  to  achieve  non-lethality 
is  required.  Therefore,  only  technologies  for  the  reduction  of  ammonia  and  neutrali- 
zation of  pH  to  achieve  non-toxic  levels  are  recommended. 


Ammonia 

The  plant  has  reported  that  over  90  percent  of  the  ammonia  loading  in  effluents  is  con- 
tributed from  effluents  from  the  Texaco  Generator  in  the  Hydrogen  Plant.  Ammonia 
present  in  this  stream  may  be  removed  in  a  steam  stripper,  which  would  result  in  a  high 
flow  effluent  with  low  ammonia  concentration,  and  a  residual  concentrated  ammonia 
stream  available  for  reuse  in  the  production  of  nitrogen  products.  This  technology  is 
recommended  under  BAT  Option  1,  and  discussed  in  more  detail  in  Section  4. 

Calculations  made  in  Section  4  indicate  that  effluent  concentrations  of  18  mg/L  ammonia 
nitrogen  will  still  remain  after  steam  stripping.  This  concentration  is  significantly  higher 
than  the  48  hour  LC50  concentration  of  0.66  mg/L  reported  for  Daphnia  magna  at  22  °C 
and  30  °C^  (Ref.  2).  Furthermore,  at  extreme  temperature  and  pH  conditions  of  25  °C 
and  8.5  respectively,  15.3  percent,  or  2.6  mg/L  of  imionized  ammonia  nitrogen  would 
remain,  compared  to  lethal  concentrations  of  0,63  mg/L  (Ref.  3)  and  Ontario  surface 
water  quality  objectives  of  0.02  mg/L  (Ref.  4). 

Based  on  these  comparisons,  in-plant  ammonia  steam  stripping  alone  would  not  produce 
non-lethal  fiunal  effluents.  Therefore,  a  global  search  was  carried  out  to  identify  technol- 
ogies for  further  reducing  ammonia  concentrations  in  wastewater.  The  following  technol- 
ogies were  identified: 

•  Ion  exchange 

•  Break  point  chlorination 


2 
No  pH  values  were  reported 
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•  Air  stripping 

•  Biological  nitrification. 

Air  Stripping:  Air  stripping  was  recommended  by  the  U.S.  EPA  to  follow  steam  strip- 
ping to  achieve  U.S.  BAT  effluent  limits  (Ref.  5).  It  was  reported  that  better  than  90 
percent  ammonia  removal  was  achievable,  resulting  in  effluent  concentrations  of  less  than 
5  mg/L.  A  global  search  of  technologies  used  in  the  ammonia  manufacturing  industry  did 
not  identify  plants  using  air  stripping.  In  the  U.S.,  in  1979,  no  air  strippers  were  known 
to  be  operating  or  planned  at  nitrogen  fertilizer  facilities  (Ref.  6). 

The  air  stripping  process  involves  raising  the  pH  of  the  water  to  10.8  to  11.5  with  lime  to 
convert  all  ammonia  to  ammonium,  formation  and  reformation  of  water  droplets  in  a 
stripping  tower,  and  providing  air  water  contact  and  droplet  agitation  to  enable  transfer 
of  ammonia  to  air,  which  is  released  to  the  atmosphere. 

Several  problems  associated  with  air  stripping  have  been  identified  as  follows  (Ref.  5,  6, 
7): 

•  Low  performance  efficiencies  in  cold  weather. 

•  High  operating  costs  because  of  intense  energy  requirements. 

•  Calcium  carbonate  scaling  as  a  result  of  lime  addition. 

•  Cross  media  pollutant  transfer;  the  ammonia  is  released  to  the  atmosphere. 
Although  technologies  for  ammonia  recovery  from  air  exist,  they  consider- 
ably increase  the  complexity  and  cost  of  the  system. 

On  the  basis  of  the  above  points,  air  stripping  was  not  considered  to  be  a  demonstrated, 
practical  control  technology  for  treating  the  Nitrochem  final  effluent  stream. 


Breakpoint  Chlorination:  Breakpoint  chlorination  is  the  oxidation  of  ammonia  with 
chlorine  to  result  in  the  ultimate  formation  of  nitrogen  gas,  following  the  overall  reaction: 

2NH3  +  3  02  -  N2  +  6  HQ 

Theoretically,  7.6  mg/L  of  chlorine  {G^  are  required  to  oxidize  1  mg/L  of  ammonia- 
nitrogen. 

Breakpoint  chlorination  has  a  long  history  of  use  in  the  chlorination  of  potable  water 
supplies.  It  has  also  been  used  in  the  U.S.  for  minimizing  the  levels  of  unionized 
ammonia  in  effluents  from  other  nitrogen  removal  technologies.  However,  several  prob- 
lems are  potentially  associated  with  the  use  of  this  technology  in  industrial  wastewater 
treatment,  including: 
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•  Nitrate  and  nitrogen  trichloride  may  be  produced  in  the  breakpoint  chlor- 
ination  reactions.  Nitrate  is  another  pollutant  at  nitrogen  fertilizer  facil- 
ities, while  nitrogen  trichloride  exhibits  a  strong  chlorinous  odour,  making 
its  formation  undesirable. 

•  Trihalomethanes  and  other  chlorinated  pollutants  may  be  formed. 

•  Total  dissolved  solids  levels  may  increase. 

•  Neutralization  may  be  required  to  increase  the  pH  after  treatment.  In 
addition,  a  dechlorination  process  to  remove  toxic  chlorine  residuals  is 
required.  Additional  treatment  steps  increase  the  complexity  of  the  system. 

•  Control  of  pH  is  critical  to  the  performance  of  the  process  and  to  minimize 
nitrogen  trichloride  formation.  Changing  water  quality  make  pH  control 
difficult.  Thus,  reliability  decreases  during  plant  upsets. 

In  a  global  search,  the  use  of  breakpoint  chlorination  for  reducing  ammonia  in  nitrogen 
fertilizer  plant  effluents  was  not  identified,  nor  was  it  recommended  in  the  U.S.  to 
achieve  BAT  effluent  limits.  Based  on  the  above  potential  problems  associated  with 
breakpoint  chlorination,  it  is  not  a  recommended  technology  for  reducing  ammonia  levels 
in  Nitrochem  ammonia  plant  effluents. 

Ion  Exchange:  Selective  ion  exchange  is  a  high-efficiency  ammonia  removal  process  for 
streams  containing  low  TDS  and  ammonia  concentrations.  The  waste  stream  is  passed 
through  a  bed  of  ion  exchange  resin  and  functional  groups  attached  to  the  resin  exchange 
with  ammonium  ions  in  solution.  Conventional  ion  exchange  resins  are  not  suitable  for 
ammonia  removal  because  most  ions  exchange  preferentially  to  the  ammonium  ion. 
However,  this  limitation  is  overcome  by  tising  an  exchange  resin  selective  for  ammonium, 
such  as  clinoptilolite,  a  common  material  found  in  bentonite  deposits  which  removes 
ammonium  ions  firom  water  preferentially  to  other  cations. 

The  optimum  exchange  pH  ranges  from  4  to  8.  Lower  values  result  in  excess  hydrogen 
ions  competing  with  the  NH4'^  for  exchange.  At  a  high  pH,  NH4'^  is  predominantly  con- 
verted to  NH3  which  will  not  exchange  on  the  media.  The  process  is  insensitive  to  tem- 
perature fluctuations,  but  becomes  less  effective  as  ionic  strength  (TDS  concentration) 
increases  due  to  the  effect  of  competing. cation  concentrations  on  the  capacity  of  the 
media  for  ammonium  (Ref.  8). 

The  exchange  column  can  be  regenerated  with  a  sodium  or  calcium  salt  solution  and  the 
nitrogen  can  be  recovered  from  the  régénérant  by  air  stripping,  steam  stripping,  or  elec- 
trolytic treatment. 
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Reported  applications  of  selective  ion  exchange  for  ammonia  removal  include  the  treat- 
ment of  municipal  wastewaters  having  ammonia  concentrations  of  about  25  mg/L.  The 
U.S.  EPA  suggested  ion  exchange  as  an  alternative  treatment  process  to  achieving  BAT 
effluent  limits  in  the  nitrogen  fertilizer  industry  (Ref.  5).  In  the  global  search  carried  out 
for  this  study,  it  was  found  that  ion  exchange  was  implemented  in  the  1970s  at  more  than 
10  nitrogen  fertilizer  facilities.  However,  currently  only  one  process  is  remaining  in  oper- 
ation. Operating  problems  that  were  encountered  resulted  in  the  discontinued  use  of  this 
process'^  (Ref.  9).  Based  on  these  problems,  this  process  is  not  recommended  under 
BAT  Option  4  for  Nitrochem. 

Biological  Ammonia  Removal:  Biological  ammonia  removal  is  the  natural  conversion  of 
ammonia  to  the  less  toxic  nitrate  ion.  Nitrification  takes  place  under  aerobic  conditions. 
Both  suspended  growth  and  fixed  film  systems  are  available,  and  ammonia  removal 
greater  than  90  percent  is  achievable. 

Nitrification  has  been  applied  to  treating  ammonia  nitrogen  levels  in  industrial  wastewat- 
ers with  30  to  700  mg/L  (Ref.  10).  One  fertilizer  industry  in  the  U.S.  uses  aerobic 
lagoons  to  reduce  ammonia,  followed  by  denitrification  in  anoxic  lagoons,  to  reduce  nitro- 
gen levels  of  150  to  200  mg/L  by  up  to  98  percent  (Ref.  11). 

Nitrification  of  Nitrochem  effluents  was  selected  under  BAT  Option  4  for  additional 
removal  of  ammonia  to  achieve  non-lethal  effluents.  This  option  is  discussed  in  detail  in 
Section  4.0. 


El 

Since  the  in-plant  sources  of  high  and  low  pH  discharges  are  imknown,  in-plant  pH  con- 
trol methods  were  not  identified.  A  pH  adjustment  system  is  required  to  neutralize 
flows,  including  storm  water  and  Qear  Water  Pond  effluents,  prior  to  treatment  in  the 
nitrification  system.  Because  pH  adjustment  may  cause  precipitation  of  some  wastewater 
contaminants,  and  also,  TSS  levels  are  already  high  in  effluents,  sedimentation  following 
pH  adjustment  is  also  included  as  a  component  of  the  system.  The  system  is  described  in 
more  detail  in  Section  4.0. 


3.2  BAT  Option  2 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  Part  418  Fertilizer 
Manufacturing,  limits  were  defined  based  on  BAT  for  discharges  fi-om  the  manufacturing 
of  ammonia,  nitric  acid  and  ammonium  nitrate.  These  limits  are  presented  in  Table  1. 


Details  on  operating  problems  collected  by  SAIC  are  currently  unavailable. 
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Table  1 
U.S.  BAT  Effluent  Limits  For  Nitrogen  Fertilizer  Manufacturing 

II&  Effloenl  Limits                                                     1 

Avenge  Day 

Ammonia  Manaf flaring 

Ammonia  -  N  (Icg/i/d)^ 
PH 

0.05 
6.0-9.0 

0.025 
6.0-9.0 

Ammonium  Nitrate  Mannfjactnring 

Ammonia  -  N  (kgA/d) 
Nitrate  -  N  (kgA/d) 

0.08 
0.12 

0.04 
0.07 

Nitric  AcM  Mmno£kctiiring 

Ammonia  -  N  (kgA/d) 
Nitrate  -  N  (kg/t/d) 

0.0045 
0.17 

0.00045 
0.023 

■ 
Notes; 

:.              Kilogram  of  contaminant  per  tonne  of  production  capacity  per  day. 

On  a  technology  basis,  Nitrochem  exceeds  U.S.  BAT  for  wastewater  treatment  as  defined 
in  the  U.S.  Development  Document  (Ref.  5).  Ammonia,  nitric  acid  and  ammonium 
nitrate  processes  do  not  discharge  process  effluents  at  all,  as  these  are  all  used  in  the 
production  of  liquid  nitrogen  products. 

Table  2  presents  a  comparison  of  U.S.  BAT  effluent  limits  for  Nitrochem  against  actual 
effluent  loading  rates.  This  comparison  is  very  conservative,  because  it  includes  loadings 
of  process  related  contaminants  such  as  ammonia  and  nitrogen  also  contributed  from 
non-contact  effluents  such  as  cooling  tower  blowdown,  boiler  blowdown,  etc.  at  Nitro- 
chem which  were  specifically  excluded  from  U.S.  BAT  effluent  regulations. 

Based  on  the  comparison  in  Table  2,  U.S.  BAT  limits  for  nitrate  are  generally  met, 
although  appeared  to  be  exceeded  on  at  least  one  day  in  the  12  month  monitoring 
period.  Because  of  the  conservative  approach  used  in  the  evaluation,  it  is  assumed  that 
no  changes  to  nitrate  control  methods  are  required  to  meet  U.S.  BAT.  Ammonia  and 
pH  limits  defined  by  U.S.  BAT  were  not  met.  With  steam  stripping  of  the  Texaco  gen- 
erator stream,  and  neutralization  and  settling  of  the  final  effluent  stream  before  dis- 
charge, as  described  under  BAT  Option  1,  these  limits  would  be  met.  Therefore,  BAT 
Option  2  includes  these  technologies. 
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BAT  Option  3 


There  are  two  nitrogen  fertilizer  plants  in  the  Ontario  Inorganic  Chemical  Sector,  in- 
cluding ICI  Lambton  Works  and  Nitrochem  Inc.,  whose  wastewater  management  can  be 
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Table  2 
Comparison  of  U.S.  BAT  EQIuent  Limits  to  Effluent  Loading  firom  Nitrochem 

Parameicr 

tLSLBAT 

MISA  Monitoring  Period'' 

Maximum  Day 

30  Day  Average 

12  Month  ATcnge 

Ammonia  MannfiBctariiig 

Ammoaia-N  (kg/d) 
PH 

13 
6.0-9.0 

6.5 
6.0-9.0 

.2 
n.d. 

n.d. 
n.d. 

Ammonia  Nitrate  Manufacturing 

Ammonia-N  (kg/d) 
Nitrate-N  (kg/d) 

85 
128 

42-5 
74.4 

n.d. 
n.d. 

n.d. 
n.d. 

Nitric  Acid  ManuTactaring 

AmiDonia-N 
Niirate-N  (kg/d) 

4.0 

150 

6.4 

203 

n.d. 
n.d. 

n.d. 
n.d. 

Total 

Ammonia-N  (kg/d) 
Nitrate-N  (kg/d) 
pH  (kg/d) 

102 

278 

6.0-9.0 

49.4 

94.7 

6.0-9.0 

303 

343 

lJ-10.9 

96.8 
85.7 
n.d. 

Notes: 

1.  Based  on  12-month  data  from  MISA  Control  Point  CO0400. 

2.  No  data  -  n.d. 

compared  on  the  basis  of  technologies  and  effluent  quality  (Ref.  1,  Ref,  12). 


Technology 

Both  Ontario  plants  incorporate  collection  and  reuse  of  process  wastewater,  including 
condensates  and  wash  water,  into  liquid  nitrogen  fertilizer  products.  Thus,  with  the  ex- 
ception of  select  streams  at  both  plants,  process  effluents  are  not  discharged. 

Different  technologies  for  manufacturing  nitrogen  fertilizer  products  are  used  at  each 
plant.  However,  in  terms  of  wastewater  control,  the  same  overall  results  are  achieved; 
that  is  reuse  of  wastewater  discharges.  Therefore,  based  on  technologies  alone,  one  pro- 
cess can  not  be  considered  more  advanced  than  the  other. 


Effluent  Quali^ 

A  direct  comparison  of  effluent  quality  at  ICI  and  Nitrochem  carmot  be  made,  for  the 
following  reasons: 

•  Product  lines  and  product  capacities  vary  significantly  between  the  two 

plants. 
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•  Data  for  effluents  from  individual  production  units  was  not  available  for 
Nitrochem. 

•  Concentration  data  may  not  be  compared  directly  because  ICI  incorporates 
a  significant  volume  of  once  throu^  cooling  water  which  dilutes  effluents, 
while  Nitrochem  does  not. 

•  Contaminant  loadings  from  the  two  plants  are  not  significantly  different 
from  each  other. 

Therefore,  observations  in  best  demonstrated  technologies  may  not  be  made  on  the  basis 
of  effluent  quality. 


Summary 

There  is  no  clear  indication  as  to  which  plant  can  be  considered  to  be  representing  the 
best  in  the  Province  for  wastewater  control  technology.  Both  plants  manage  water  to 
minimize  process  discharges.  Effluent  quality  in  terms  of  loadings  are  not  different  by  a 
significant  factor,  and  since  production  capacities  vary  between  the  plants,  it  is  difficult  to 
draw  a  conclusion  on  this  basis. 

For  the  purposes  of  BAT  Option  3,  both  Ontario  nitrogen  fertilizer  plants  are  considered 
equivalent  in  terms  of  wastewater  management,  and  therefore  no  changes  to  the  Nitro- 
chem system  are  included  in  this  Option, 


3.4  BAT  Option  4 

BAT  Option  4  includes  technologies  which  provide  the  maximum  overall  pollution  reduc- 
tion at  the  plant. 

Review  of  the  effluent  monitoring  data  at  MISA  Control  Point  CO0400  indicate  several 
contaminant  groups  present  in  final  plant  effluents,  including: 

Ammonia  and  TKN 

Nitrate  and  nitrite 

Phosphorus 

Cyanide 

pH 

Metals 

Oil  and  grease 

Phenolics  and  phenol 

Sulphide 

Chlorinated  volatile  organics  and  bromoform 

Dioxin  and  furan  compounds 
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PCBs 
•  Dissolved  solids,  including  chloride,  fluoride  and  sulphate. 

Methods  for  reduction  of  each  of  these  contaminants  in  effluents  are  discussed  in  the 
following  sub-sections  with  respect  to  pollution  prevention,  and  treatment. 


3.4.1  In-plant  Pollution  Prevention 

Reduction  of  several  of  the  contaminants  identified  in  process  effluents  can  be  achieved 
by  adopting  a  pollution  prevention  approach  using  in-plant  controls. 


Phosphorus 

One  source  of  phosphorus  in  effluents  is  phosphate  based  water  treatment  chemicals 
used  to  treat  cooUng  tower  and  boiler  make-up.  Reduction  of  phosphorus  levels  could 
be  achieved  by  using  alternate  treatment  chemicals.  However,  because  these  would  also 
contribute  contaminants  to  final  effluents,  there  may  not  be  an  overall  improvement  in 
water  quality.  Therefore,  water  treatment  chemical  changes  are  not  recommended. 

Raw  materials  at  the  plant  used  in  the  nitrogen  products  area  include  diammonium  phos- 
phate and  ammonium  polyphosphate,  which  are  also  potential  sources  of  phosphorus  in 
effluents.  The  means  of  contamination  through  contact  with  raw  materials  or  products 
has  not  been  identified,  but  is  likely  through  storm  water  runoff  or  leaks  and  spills  into 
process  sewers  leading  to  the  Qear  Water  Pond.  An  audit  of  these  sources  are  neces- 
sary, and  control  will  be  based  on  best  management  practices,  likely  through  good  house- 
keeping and  spill  control  or  diversion. 


Cyanide 

The  only  potential  cyanide  source  identified  at  the  plant  is  ammonium  thiocyanate,  a  raw 
material  used  in  the  nitrogen  products  area.  As  above,  an  audit  of  point  sources  of  con- 
tamination is  necessary,  and  in-plant  control  will  be  based  on  best  management  practices 
to  prevent  contamination  of  storm  water  or  Qear  Water  Pond  effluents. 


Oil  and  Grease 

Oil  and  grease  levels  in  the  final  effluent  were  generally  at  levels  less  than  3  mg/L,  simi- 
lar to  raw  water  quality,  although  one  high  level  of  900  mg/L  was  recorded  over  the 
MISA  monitoring  period.  Best  management  practices  for  source  control  of  oil  and 
grease  discharges  are  recommended  to  prevent  occasional  high  discharges  to  effluent 
sewers. 
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Phenols 

A  review  of  the  raw  materials  and  chemicals  used  at  the  plant  indicate  that  there  are 
several  potential  sources  of  phenolic  compounds  and  phenol.  These  include  fuels,  gen- 
eral usage  oil,  and  various  petrochemical  materials.  A  careful  review  of  the  plant  pro- 
cesses did  not  reveal  the  specific  source  or  mode  of  contamination. 

A  general  review  of  the  constituents  of  materials  used  at  the  plant  to  define  specific 
phenol  sources,  and  best  management  practices  for  control  of  the  discharge  from  these 
sources  is  recommended  under  BAT  Option  4.0. 


Sulphide 

Low  levels  of  sulphide  were  present  in  plant  effluents  measured  at  CO0400.  The  raw 
materials  and  chemicals  used  at  the  plant  do  not  appear  to  be  a  potential  source  of  sul- 
phide contamination.  Furthermore,  it  is  most  likely  that  sulphide  is  a  contaminant  in 
storm  water  as  a  result  of  air  emissions,  and  not  in  plant  effluents,  such  as  cooling  tower 
and  boiler  blowdown.  Therefore,  the  source  of  sulphide  should  be  investigated  as  part  of 
a  Storm  Water  Control  Study,  and  technologies  for  its  control  are  not  recommended 
under  BAT  Option  4. 


Chlorinated  Organics  and  Bromoform 

Several  volatile  organic  compounds  were  detected  at  mean  effluent  concentrations  less 
than  45  jig/L.  For  contaminants  with  proposed  Provincial  surface  water  quality  objectives 
and  guidelines  (PWQO/PWQG)  (Ref.  4),  levels  detected  in  effluents  were  generally  well 
below  these  limits,  as  shown  in  Table  3. 

The  chlorinated  compounds  detected  are  not  uncommon  to  water  supplies,  such  as  muni- 
cipal water,  which  are  chlorinated  to  prevent  algae  and  bacterial  growth  in  systems,  and 
result  from  the  reaction  of  free  chlorine  with  organic  precursors  in  water.  Their  concen- 
trations could  be  reduced  or  eliminated  at  source  by  improving  TSS  and  turbidity 
removal  from  raw  water  to  minimize  available  precursors,  or  by  using  an  alternate  disin- 
fection chemical,  such  as  bromine. 

If  improved  TSS  removal  treatment  were  implemented,  treatment  chemicals  for  coagu- 
lation would  be  required,  and  would  result  in  some  residual  chemicals  in  final  effluents. 
Furthermore,  disposal  of  treatment  residuals  (i.e.  filter  backwash  water)  would  be 
required,  adding  another  level  of  complexity  and  creating  additional  negative  environ- 
mental impacts.  As  a  result,  this  approach  is  not  recommended  to  reducing  the  low 
levels  of  chlorinated  volatile  organics. 
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Table  3 
Comparison  of  Volatile  Organic  Compounds  in  Nitrochem  EfHuents  to  Proposed 

PWQG/PWQO^ 

fiifi^ttmjnqnt 

Nilracbcm  Effluent  CoDccntrations^ 

PWQG/PWQO 

Mean  (m/I') 

MaTinrnm  (\iSfL) 

Bromofonn 

Chloroform 

Teirachloroeihylcne 

Trichlorocthylene 

Trans-l,  2-dichloroethyleDe 

1,  l-Dichloroethane 

1,  1-Dichloroelhylcne 

4 
3 

45 
2 
6 
1 
2 

29 
12 
340 
10 
18 
3 
4 

60 

50 

2 
200 
200 

40 

Notes: 

1.  Ref.  4. 

2.  Data  for  12  month  MISA  Monitoring  Regulation  period  at  CO0400. 

An  alternate  water  treatment  chemical,  such  as  bromine,  could  be  considered.  However, 
the  potential  for  formation  of  halogenated  organics  may  still  exist,  and  other,  potentially 
more  toxic  chemicals,  could  be  added  to  the  water  with  an  alternate  chemical.  There- 
fore, because  the  relative  benefits  of  using  other  water  treatment  chemicals  for  biocides 
are  questionable,  no  changes  to  the  existing  system  are  recommended. 

Since  the  chlorinated  volatile  organics  concentrations  are  low,  and  waster  treatment  of 
other  source  control  technologies  may  be  associated  with  insignificant  or  negative  envi- 
ronmental impacts,  no  recommendations  for  change  are  made. 

Review  of  the  materials  used  at  the  plant  does  not  indicate  the  source  of  bromoform. 
Because  levels  are  low,  no  in-plant  measures  for  the  reduction  of  this  contaminant  are 
recommended. 


Dioxin,  Furan  and  PCB  Compounds 

A  careful  review  of  the  processes  discharging  wastewater  at  Nitrochem  was  carried  out  to 
identify  potential  sources  of  dioxjn,  furan  and  PCB  compounds.  These  pollutants  are  not 
commonly  detected  in  cooling  tower,  boiler  or  compressor  blowdowns  as  a  result  of  nor- 
mal operation  or  water  treatment  chemicals  used  in  the  process.  Furthermore,  materials 
used  in  the  production  of  nitrogen  fertilizer  products  do  not  normally  contain  these  poUu- 
tants.  And  finally,  the  materials  used  at  the  plant,  as  described  in  the  MISA  Initial 
Report,  do  not  appear  to  be  potential  sources  for  contaminants. 

Nitrochem  has  undertaken  a  source  identification  study  on  dioxin  and  furan  compoimds. 
The  plant  have  indicated  that  they  suspect  that  cooling  tower  blowdown  is  the  most  likely 
source  of  these  contaminants.  Test  results  indicated  the  presence  of  these  compounds  in 
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the  cooling  water  basin,  aerobic  pit,  gas  plant  effluents  and  Clear  Water  Pond,  with 
highest  concentrations  in  the  cooling  water  basin  (Ref.  13). 

Available  test  results  have  not  indicated  the  precise  source  of  the  contamination,  and  it 
may  be  associated  with  raw  water,  water  treatment  chemicals,  cooling  tower  construction 
materials,  or  other  unidentified  sources.  Since  the  source  has  not  been  identified,  in- 
plant  controls  cannot  be  recommended  at  this  time. 


Dissolved  Solids  and  Metals 

Dissolved  solids,  including  chloride,  fluoride  and  sulphates,  and  several  metals,  were 
detected  in  effluents  measured  at  CO0400.  The  -main  source  of  most  of  these 
contaminants  is  likely  raw  water,  and  they  are  present  as  a  result  of  concentrating  raw 
water  in  cooling  tower  and  boiler  water  blowdown,  and  raw  water  treatment  systems, 
such  as  the  softener  and  various  ion  exchange  resins.  For  metals  or  other  dissolved 
solids  contributed  from  these  sources,  practical  opportunities  for  in  plant  source  control 
or  pollution  prevention  were  not  identified. 

A  vanadium  source,  other  than  raw  water,  may  be  vanadium  pentoxide,  a  chemical  used 
for  water  treatment  in  the  Hydrogen  Plant.  Alternative  treatment  chemicals  may  be 
available,  which  do  not  contribute  vanadium  to  effluents.  However,  a  detailed  review  of 
available  chemicals,  and  their  associated  environmental  impacts  would  need  to  be  under- 
taken to  determine  whether  there  are  any  advantages  in  overall  pollution  reduction  by 
changing  chemicals.  Because  vanadium  levels  were  not  generally  excessive,  and  TSS 
removal  will  further  reduce  levels,  in-plant  changes  are  not  recommended. 

Copper  present  in  effluents  may  also  be  contributed  from  corrosion  of  equipment  such  as 
heat  exchangers.  Copper  levels  in  effluents  were  not  generally  excessive,  and  therefore, 
were  not  indicative  of  severe  corrosion  problems.  Therefore,  methods  for  in-plant  con- 
trol of  copper  was  not  identified. 

A  source  of  mercury  in  plant  effluents  was  not  identified.  A  review  of  plant  processes 
and  materials  does  not  indicate  a  potential  source  of  this  contaminant.  However, 
because  it  is  not  typically  associated  with  nitrogen  fertilizer  production  activities,  its  likely 
source  is  storm  water  contamination.  Therefore,  an  audit  of  specific  sources,  and  reduc- 
tion through  source  control  should  be  considered  as  part  of  a  Storm  Water  Control 
Study. 


Ammonia,  Nitrate,  TKN 

Several  sources  of  ammonia,  nitrate  and  TKN  exist  at  the  plant.  The  main  source  of  am- 
monia has  been  identified  by  Nitrochem  to  be  one  process  stream  still  being  discharged 
(Ref.  1).  Theoretically,  since  all  process  wastewaters  except  this  one  are  reused  in  the 
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plant,  there  should  be  zero-discharge  of  process  contaminants.  This  is,  however,  never 
the  case  at  nitrogen  fertilizer  plants,  because  inadvertent  leaks  and  spills  into  sewers,  ab- 
sorption of  airborne  ammonia  in  cooling  towers,  and  contaminated  runoff  result  in  dis- 
charges of  process  contaminants  to  final  effluents. 

One  method  that  has  been  proven  successful  at  reducing  process  contaminant  discharges 
at  nitrogen  fertilizer  plants  is  the  nitrogen-audit,  which  identifies  point  sources  of 
contaminant  releases.  From  the  audit  results,  best  management  practices  and  process 
changes  may  be  implemented  to  reduce  discharge  levels. 

Within  the  scope  of  this  study,  point  sources  of  contaminant  discharges  into  sewers  could 
not  be  identified,  and  therefore,  in-plant  pollution  prevention  measures  were  not  devel- 
oped. Furthermore,  information  gained  from  a  comprehensive  global  search  of  nitrogen 
fertilizer  facilities,  suggests  that  there  will  always  be  a  level  of  maximum  contaminant  re- 
duction achievable  through  in-plant  controls.  In  spite  of  these  controls,  process  related 
contaminants  will  always  be  discharged,  often  at  levels  that  are  treatable  with  end-of-pipe 
technologies.  For  this  reason,  further  pollution  preventing  measures  at  Nitrochem  are 
not  recommended  to  provide  maximum  reduction  of  process  contaminants  at  Nitrochem. 


3A2  Treatment 

The  available,  recommended  methods  for  in-plant  reduction  of  "Priority  1"  pollutant  dis- 
charges may  not  provide  the  maximum  removal  of  these  pollutants  from  effluents. 
Therefore,  methods  for  removal  through  wastewater  treatment  were  considered.  These 
focus  on  removal  of  process  contaminants,  such  as  pH,  ammonia  and  nitrate,  but  would 
also  provide  removal  of  other  pollutants,  as  described  in  the  following  discussions. 

For  in-plant  reduction  of  ammonia,  steam  stripping  of  the  Texaco  generator  wastewater 
stream  is  recommended,  as  described  under  BAT  Option  1. 

A  treatment  system  for  the  final  effluent  stream  should  be  aimed  at  maximizing  overall 
reduction  of  pollutants  for  which  methods  of  elimination  using  in-plant  pollution  preven- 
tion approaches  or  treatment  were  not  identified.  Thus,  the  ideal  treatment  system 
would  address: 

pH 
COD 

TSS  and  VSS 

Ammonia,  TKN  and  nitrate 

Phosphorus 

Metals 

Volatile  organic  compounds 

Dioxin  and  furan  compounds 

Total  dissolved  solids. 
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pH  and  TSS 

A  system  for  pH  adjustment  includes  neutralization  followed  by  settling,  for  removal  of 
precipitates  formed  during  pH  adjustment  as  well  as  TSS  and  VSS.  With  the  pH  reduc- 
tion and  settling  of  TSS,  there  will  also  be  some  removal  of  metals. 


Metals 

Additional  processes  for  metals  reduction  are  not  recommended.  Relatively  high  mean 
levels  of  certain  metals  (AI,  Cu,  V,  and  Zn)  shown  in  Table  Al  for  Control  Point 
CO0400  were  not  representative  of  typical  levels  observed  over  the  monitoring  period. 
One  very  high  result,  occurring  in  the  same  month  in  which  a  sample  with  excessive  TSS 
levels  (17,000  mg/L)  was  measured,  skewed  the  mean  concentrations  to  be  much  higher 
than  recorded  for  most  months.  Typical  metals  levels  were  at  dilute  concentrations,  and 
practical  technologies  for  removal  of  these  from  industrial  wastewaters  were  not  identi- 
fied in  a  global  search. 

Technologies,  were  not  identified  for  reducing  mercury  levels  at  less  than  1  tig/L. 


Ammonia  and  Nitrate 

With  the  implementation  of  the  steam  stripper  on  the  Texaco  Generator  stream,  final 
effluent  ammonia  levels  should  be  reduced  significantly.  However,  data  on  the  quality  of 
steam  stripper  effluent  were  estimated,  to  result  in  final  effluent  ammonia  concentrations 
of  18  mg/L. 

Nitrification  has  been  recommended  under  BAT  Option  1  to  further  reduce  ammonia  to 
nitrate  for  the  purpose  of  reducing  effluent  toxicity.  Biological  denitrification,  which 
takes  place  under  anoxic  conditions,  following  nitrification,  wiU  reduce  nitrate  to  molecu- 
lar nitrogen.  The  denitrification  process  can  also  be  fixed  film  or  suspended  growth 
system,  and  a  carbon  source  such  as  methanol  must  be  available  for  the  biological  con- 
version. Details  on  the  process  are  provided  in  a  general  technology  report  (Ref.  14). 

Nitrification/denitrification  is  applicable  to  treating  Nitrochem  final  effluents  for  removal 
of  ammonia,  nitrate  and  nitrite  and  TKN.  This  process  offers  many  advantages,  including 
the  removal  of  the  following  pollutants  in  final  effluents: 

COD 

•  Phenols 

•  Cyanide 
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•  Phosphorus 

•  Volatile  organics. 

The  details  of  a  nitrification  denitrification  system  for  treating  the  Nitrochem  final  efflu- 
ent measured  at  CO0400  are  presented  in  Section  4.0. 


Dioxin  and  Furan  Compounds 

Dioxin  and  furan  compounds  are  hydrophobic  and  have  very  strong  tendencies  to  adsorb 
to  organic  matter  and  activated  carbon,  as  indicated  by  measured  log-octanol  water  coef- 
ficients greater  than  6.  For  this  reason,  activated  carbon  treatment  is  a  common  tech- 
nology used  for  removal  of  these  compounds.  However,  one  carbon  system  supplier  has 
indicated  that  where  solids  are  present,  these  compounds  are  often  found  in  effluents  due 
to  TSS  breakthrough  (Ref.  15). 

At  Nitrochem,  biological  treatment  for  nitrogen  removal  is  recommended  under  BAT 
Option  4.  Because  of  the  nature  of  dioxin  furan  compounds,  they  will  become  adsorbed 
to  the  biological  flocculants.  A  study  of  37  municipal  wastewater  treatment  plants  in 
Ontario  found  dioxin  and  furan  compounds  detected  in  final  effluents  at  less  than  10  per- 
cent of  plants,  but  in  treatment  sludges  at  up  to  65  percent  of  plants,  at  concentrations 
up  to  4  orders  of  magnitude  higher  in  sludges  (Ref.  16).  Based  on  these  observations,  it 
can  be  assumed  that  maximum  contaminant  removal  will  be  achieved  by  maximum 
removal  of  biological  floe,  represented  by  TSS,  after  treatment.  Since  TSS  levels  are 
estimated  to  be  relatively  low  (<25  mg/L)  after  treatment,  a  granular  media  filter  is 
recommended  for  tertiary  TSS  removal. 


Total  Dissolved  Solids 

Technologies  for  the  removal  of  low  levels  of  major  dissolved  solid  contaminants  present 
in  Nitrochem  effluents  may  be  available  and  have  been  used  in  specific  non-industrial 
applications  (e.g.  drinking  water  treatment).  However,  an  exhaustive,  global  search 
carried  out  as  part  of  this  study  did  not  identify  practical  applications  of  these  technol- 
ogies to  treating  industrial  wastewater  effluents  with  similar  contaminant  concentrations. 
Tlius,  BAT  Option  4  does  not  include  technologies  for  removal  of  these  contaminants. 


3.43  Summary 

BAT  Option  4  includes  the  following  recommended  technologies  for  maximum  reduction 
of  pollutants  in  final  effluent  discharges  from  Nitrochem: 

•  Best  management  practices  for  source  control  of  discharges  of  phosphates 

and  thiocyanate  resulting  fi^om  raw  materials  used  in  the  nitrogen  products 
area. 
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Best  management  practices  for  source  control  of  phenol  and  oil  and  grease 
discharges. 

Steam  stripping  of  hydrogen  plant  Texaco  Generator  wastewater  stream, 
and  reuse  of  concentrated  ammonia  residual  stream  in  nitrogen  products. 

End-of-pipe  treatment  including  neutralization,  settling,  biological  nitrogen 
removal,  and  granular  media  filtration. 


3.5  BAT  Option  5 

Technologies  that  would  advance  the  plant  furthest  toward  zero-discharge  of  process 
related  contaminants  include  all  those  recommended  under  BAT  Option  4.  Technologies 
for  reduction  or  elimination  of  non-process  streams  such  as  water  treatment  residual 
streams,  boiler  blowdown,  cooling  tower  blowdown  were  identified  in  a  global  search. 
However,  a  high  level  of  treatment  is  required,  aimed  at  total  dissolved  solids  (TDS) 
removal  to  allow  reuse  of  effluents.  This  treatment  would  include: 

•  Preconcentration  of  the  waste  stream  using  reverse  osmosis,  ion  exchange 
or  electrodialysis.  Flow  rates  of  residuals  requiring  further  treatment  will 
total  approximately  10  to  30  percent  of  the  original  flow. 

•  Further  concentration  of  the  waste  stream  through  evaporative  technol- 
ogies such  as  vapour  compression  evaporation  or  steam-driven  evaporation. 

•  Crystallization  of  the  concentration  waste  stream  through  the  use  of  spray 
dryers  or  equivalent  technologies. 

•  Disposal  of  resulting  solid  wastes. 

Preconcentration  technologies  require  careful  control  of  operating  conditions  to  avoid 
fouling  or  deterioration  of  membranes  or  resins  and  may  require  additional  pretreatment 
steps  such  as  removal  of  solids  and/or  organics.  All  of  these  technologies  are  both 
energy  and  labour  intensive.  These  added  operational  and  technological  complexities  are 
not  likely  to  be  offset  by  the  improvements  in  wastewater  quality  which  would  result  at 
Nitrochem.  Thus,  BAT  Option  5  does  not  include  measures  for  the  control  of  dissolved 
solids. 

Demonstrated  systems  for  zero-discharge  of  nitrogen  fertilizer  industry  effluents  were  not 
identified  in  the  global  search. 

Process  changes  to  eliminate  discharges  were  also  not  identified.  Cooling  water  provided 
by  once  through  or  recirculating  cooling  tower  systems  are  invariably  used  to  cool  process 
equipment  in  all  manufacturing  sectors  including  the  nitrogen  fertilizer  industry.   Other 
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cooling  methods,  such  closed-loop  air  cooled  systems,  would  require  very  large  capital  ex- 
penditures and  land  area  for  expansive  heat  exchange  equipment  requirements,  and  may 
not  be  effective  in  warmer  months  in  Ontario.  And  finally,  opportunities  for  consump- 
tion of  plant  effluents  do  not  appear  to  exist  in  the  production  of  any  of  the  products 
produced  at  Nitrochem,  since  these  are  already  consuming  process  effluents. 


3.6  Summary 

Table  3  presents  a  summary  of  BAT  Options  recommended  for  Nitrochem  Inc. 


Table  3 
Summary  of  BAT  Options  for  Nitrochem  Inc. 

BAT  Option 

DeOnitioa 

Description 

1 

Lease  cost  produaog 
non-lethal  effluents 

•  Steam  stripping  of  Hydrogen  Plant  Texaco  Generator  efDuents. 

•  Neutralization,  sedimentation  and  biological  nitrification  of  final  effluents. 

2 

U.S.  BAT 

•  Steam  stripping  of  Hydrogen  Plant  Texaco  Generator  effluents. 

•  Neutralization  and  sedimentation  of  Hnal  effluents. 

3 

Best  demonstrated  in 
Ontario 

•     No  change  to  existing  system. 

4 

Providing  maximum  pol- 
lutant reduction 

•  Best  management  practices  for  source  control  of  discharges  of  phosphorus 
and  tbiocyanate  from  raw  materials. 

•  Best  management  practices  for  source  control  of  phenols  and  oil  and  grease. 

•  Steam  stripping  of  Hydrogen  Plant  Texaco  Generator  effluents. 

•  End-of-pipe  treatment,  including  neutt^tizaiion,  sedimentation,  biological 
nitrirication/denitrirication  and  zranular  media  filtration. 

5 

Furthest  towards  zero- 
discharge  of  poUutants 

4.0 


BAT  OPTIONS 


Estimated  costs  and  performance  of  implementing  BAT  Options  1,  2,  4  and  5  are  pres- 
ented in  the  following  sections.  Under  BAT  Option  3,  no  changes  to  the  existing  system 
at  Nitrochem  were  recommended. 


4.1 


BAT  Option  1 


BAT  Option  1  includes  steam  stripping  of  Hydrogen  Plant  Texaco  Generator  effluents, 
and  neutralization,  sedimentation  and  biological  nitrification  of  final  effluents.  Figure  Al 
in  the  Appendix  presents  a  schematic  of  the  final  effluent  treatment  system. 
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4.1.1  Steam  Stripping 

Description 

A  description  of  the  steam  stripping  technology  as  applied  to  Nitrochem  is  presented  in 
the  General  Technology  Report  (Ref.  17). 

Nitrochem  has  prepared  a  preliminary  design  for  a  steam  stripper  for  this  application, 
which  is  presented  in  Table  4.  The  stripper  would  treat  a  combined  stream,  consisting  of 
Hydrogen  Plant  Texaco  Generator  blowdown  and  process  condensate.  This  stream  has 
a  reported  average  flow  rate  of  155  m^/d  and  an  ammonia-nitrogen  concentration  of  560 
mg/L. 


Table  4 
Nitrochem  Inc.  Steam  Stripper  Design  Information^ 

Design  Parameter 

SpedGcation 

Number  of  theoretical  trays 

Type  of  tray 

Height  of  tower 

Diameter  of  tower 

Pressure  of  steam 

Temperature  of  steam 

Maximum  flow  of  condensate  to  tower 

Flow  of  steam 

7 

Bubble  tray/packed  column 

8.8  m 

1.1m 

450  kPa 

148  °C 

164  m^/d 

900kg/h 

Source: 

1.           Ref.  17. 

Associated  with  the  steam  stripper  is  a  tube  and  shell  condenser  unit  tised  to  condense 
the  ammonia-rich  steam.  Design  specifications  of  this  condenser  are  provided  in  Table  5. 
Nitrochem  intends  on  using  the  condensed  ammonia  solution  to  make  fertilizer. 


Performance 

Nitrochem  estimates  an  average  ammonia  removal  efficiency  of  95  percent  through  the 
stripper.  Table  6  presents  the  projected  final  effluent  quality  at  CO0400  with  implemen- 
tation of  the  stripper.  A  final  effluent  ammonia  concentration  of  18  mg/L  is  projected. 
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Table  5 
Nitrochem  Inc  Condenser  Unit^ 

Design  Panunelcr 

SpccUcatiMi 

Type  of  cnndenser 

Cooling  method 

Eslimaled  raie  of  condensate  production 

Cooling  water  usage 

Design  rate  of  heat  exchange 

Effective  surface  area  of  condenser 

tube  and  shell 

non-coDiact  cooling  water 

032  m^/d 

2^80  m^/d 

2J2  million  kJ/h 

0.12  m^ 

Source: 

1.               Réf.  17. 

Table  6 

Projected  Final  Effluent  Quality  at  Nitrochem  with  Implementation  of  Steam 

Stripper  on  Hydrogen  Plant  Effluents 

Paramcler 

Current  QuaUty  al  CO0400^ 

Projected  QuaUty  at  CO0400^ 

Loading  Reduction 

Ammonia-N 

kg/d 
mg/L 

97 
112 

14J 
18 

85% 

TKN 

kg/d 
mg/L 

105 

122 

223 
28 

78% 

Notes: 

1.  Mean  data  from  12  month  MISA  Monitoring  Regulation  period. 

2.  Based  on  95  percent  removal  of  87  Icg/d  ammonia-N  from  Tocaco  Generator  effluents  (155  m  /d).  A  small  portion 
of  ammonia  at  CO0400  may  be  contributed  from  other  sources;  however  no  infonnation  was  available  on  this 
amount. 

Costs 

The  total  capital  cost  estimated  for  implementation  of  the  steam  stripper/condenser  at 
Nitrochem  is  $618,500  (ENR  CCI  6343)''.  Operating  costs,  based  on  $4.60  per  m^  (Ref. 
10)^,  would  be  approximately  $260,000  per  aimum. 


Engineering  News  Record  Construction  Cost  Index. 

Estimated  from  reported  typical  1982  operating  costs  of  S12AJ.S.  gal  (S3.20/m'^. 
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4.1.2  pH  Adjustment 

Description 

The  reported  pH  levels  for  effluents  from  Nitrochem  were  often  lower  than  the  neutral 
range,  but  occasional  high  levels  also  occurred.  A  pH  adjustment  system  will  therefore 
include  two  chemical  feed  systems,  including  one  for  acid  (e.g.  hydrochloric  acid  solution) 
and  one  for  caustic  (e.g.  soda  ash  slurry).  An  automatic  feedback  controller  would  be 
used  to  control  the  chemical  dosage  rates  based  on  pH  monitoring  upstream  and  down- 
stream of  the  chemical  addition  points.  Small,  continuous  flow  mix  tanks  are  included  at 
chemical  addition  points.  Figure  Al  in  the  Appendix  presents  a  typical  schematic  of  a 
pH  adjustment  system. 

Performance 

The  pH  adjustment  system  will  produce  effluents  with  a  pH  in  the  range  of  6.5  to  8.5. 

Costs 

Capital  costs  of  the  neutralization  system,  presented  in  Table  7,  are  estimated  to  total 
$240,000  (ENR  CCI  6343).  The  main  operating  cost  component  will  be  chemicals.  The 
quantity  of  chemicals  cannot  be  calculated  based  on  the  available  information. 


Table  7 
Estimated  Capital  Cost  of  Final  Effluent  Neutralization  System 

Component 

Cost^ 

Chemical  storage  tank,  mix  tank  and  feed  systems 
Continuous  mix  reactors 
Instrumentation  and  controls 

$80,000 

5100,000 

$60,000 

Total 

$240,000 

Notes: 

1.  Includes  35  percent  installation,  30  percent  estimating  contingenqr,  15  percent  engineering 
and  7  percent  G.S.T. 

2.  E^fR  CCI  6343. 
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4.13  Sedimentation  and  Equalization 

Description 

Sedimentation  of  neutralized  effluents  is  included  in  BAT  Option  1  for  the  purpose  of 
settling  precipitates  formed  as  a  result  of  neutralization,  as  well  as  TSS,  measured  in  final 
effluents  at  variable  levels.  In  addition,  equalization  of  flows  is  required  to  maintain  sta- 
bility of  downstream  biological  nitrification  system. 

Because  there  appears  to  be  sufficient  land  area  on  the  south  west  comer  of  the  site, 
settling  lagoons  were  assumed  for  the  purposes  of  costing.  This  type  of  system  is  gener- 
ally less  expensive  than  basins  or  clarifiers,  and  can  be  used  both  for  flow  equalization  as 
well  as  settling. 

For  the  basis  of  costing,  the  sedimentation/equalization  lagoons  at  Nitrochem,  the  lined 
lagoon  system  used  at  an  Ontario  carbon  black  manufacturing  facility,  Cabot  Canada 
Ltd.,  for  treating  final  effluents,  was  used  as  a  model  (Ref.  18).  The  system  would  have 
the  design  features  presented  in  Table  8.  Two  parallel  ponds  are  included,  so  that  solids 
can  be  removed  from  one  pond  while  the  second  is  in  operation.  The  basins  are 
designed  to  handle  dry  weather  flows  at  a  minimum  weir  height,  and  would  have 
additional  freeboard  to  store  wet  weather  flows. 


1 1 

Table  8 

Design  Features  of  Sedimentation  Equalization  Lagoons  at  Nitrochem  Inc 

Average  flow  rate 

800  m^/d 

Peak  flow  rate 

4.900  m^/d 

Average  surface  area  (at  peak  flow) 

64  m^/m^/d 

Surface  loading  rate  (at  peak  flow) 

75  m^ 

Maximum  weir  height 

4m 

EfDueot  discbarge  rate 

1,000  m^/d  (assumed) 

Capacity 

375  m3 

Sidewall  and  benn  slope 

2:1    , 

Land  area  required 

2^00  m^ 

Number  of  poods 

2 

The  capacity  requirements  of  the  settling  basin  were  estimated  from  historical  Kingston 
area  rainfall  records,  using  a  derived  probability  model  (SUDS)  (Ref.  19).  The  capacity 
estimates  include  rainfall  that  flows  directly  to  the  Gear  Water  Pond,  from  the  gas  plant 
area,  but  are  probably  less  than  required,  because  information  was  not  available  on  vol- 
ume and  frequency  of  overflows  from  the  Equalization  Basin. 
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Perfonnance 

The  performance  of  the  ponds  will  depend  on  the  settleability  of  the  TSS  in  pond 
effluents,  and  cannot  be  detennined  without  jar  tests.  For  the  purpose  of  this  study,  it  is 
assumed  that  20  mg/L  is  achievable  on  a  regular  basis  without  chemical  addition  (other 
than  upstream  neutralizing  chemicals)  (Ref.  20).  This  performance  or  better  could  be 
achieved  with  the  addition  of  coagulants  or  coagulant  aids  (e.g.  alum,  polymers).  How- 
ever, the  need  for  these  chemicals,  and  their  impacts  on  effluent  quality  must  be  evalu- 
ated. 

Settling  will  also  reduce  effluent  concentrations  of  insoluble  metal  precipitates. 

Table  9  presents  the  projected  performance  settling  on  selected  target  contaminants.  An 
estimated  87  percent  removal  of  TSS  is  achievable.  In  addition  16  to  60  percent  metal 
removal  efficiency  is  estimated,  based  on  achieving  mean  metal  concentrations  reported 
for  the  one  month  of  MISA  monitoring  with  the  lowest  mean  TSS  concentration. 


Table  9 
Projected  Perfonnance  Resulting  from  Final  Effluent  Sedimentation 


Current  QiuDty  at  CO0400^ 


Projecled  QuaUty  at  000400^ 


T^tmiiiig  Reduction 


kg/d 
mg/L 


142 
199 


87% 


kg/d 
mg/L 


1.9 

23 


87% 


kg/d 
mg/L 


0.40 
594 


0.16 
206 


Copper 


kg/d 
mg/L 


0.035 
683 


0.02 
253 


43% 


kg/d 
mg/L 


0.126 
200 


0.106 
133 


16% 


kg/d 
mg/L 


0.034 
5Z9 


0.015 
18.5 


56% 


1.  Mean  data  from  12  month  MISA  Monitoring  Regulation  period  at  Control  Point  CO0400. 

2.  Concentration  data  are  monthly  means  from  the  one  month  during  MISA  Monitoring  with  lowest  TSS  concentra- 
tions (02/90).   Loading  data  are  based  on  mean  monthly  concentrations  and  12  month  mean  flow  rate. 
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Costs 

The  estimated  capital  cost  of  the  lined  settling/equalization  pond  system,  based  on  costs 
for  the  system  at  Cabot,  are  $570,000  (ENR  CCI  6343).  The  most  significant  portion  of 
annual  operating  costs  will  be  sludge  disposal.  This  is  estimated  at  $350,000  per  armum 
(1991),  based  on  disposing  of  52  tonnes  of  sludge  per  year,  at  five  percent  solids  concen- 
tration at  an  estimated  cost  of  $350  per  m^  for  disposal. 


4.1.4  Nitrification 

Description 

Nitrification  involves  biological  oxidation  of  ammonia  to  nitrate  under  aerobic  conditions. 
For  the  purposes  of  costing  this  process  for  Nitrochem,  a  nitrification  system  using 
fluidized  bed  reactor  system  was  assumed.  The  general  technology  report  presents 
details  on  this  process.  Other  fixed  film  and  suspended  growth  systems  would  produce 
similar  effluent  quality  (Ref.  14). 

Based  on  the  design  of  the  equalization  system,  an  average  nitrification  system  capacity 
of  1,000  rn^/d  was  assumed. 


Performance 

Ammonia  nitrogen  removal  efficiencies  of  greater  than  99  percent  have  been  reported  in 
the  literature  (Ref.  14).  This  would  result  in  an  effluent  ammonia  concentration  of  <  1 
mg/L  at  MISA  Control  Point  CO0400. 

Biological  floe  would  be  settled  and  recycled.  Effluent  TSS  levels  are  estimated  to  aver- 
age less  than  20  mg/L.  Thus,  there  would  be  no  net  increase  in  TSS  over  the  biological 
process. 


Costs 

The  estimated  capital  cost  of  an  aerobic  fluidized  bed  reactor  system  for  treating  Nitro- 
chem effluents  is  $2,600,000  (ENR  CCI  6343).  Annual  operating  costs  are  estimated  at 
$80,000  (Ref.  14). 


4.1.5  Summary  of  BAT  Option  1 

Table  10  presents  a  summary  of  the  estimated  costs  and  projected  performance  resulting 
from  the  implementation  of  BAT  Option  1. 
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Table  10 
Summary  of  Estimated  Costs  and  Projected  Performance  of  BAT  Option  1 

Costs 

Panineter 

Coirent  Loading  at 
CO0400  (kg/d) 

Projected  UmkI- 
iiigatCO0400 

LomUds 
RfdBcUoo 

Steam  stripping  of 
Hydrogen  Plant 
Totaco  Generator 
effluents 

S618^00  capital 
S260,000/y  operating 

Ammonia-N 
TKN 

97 
105 

Refer  to 
nitrification 

85% 
78% 

Neutralization 

$240,000  capital 
undefined  operating 

pH 

13-10.9 

6.5-8.5 

Equalizationyscttling 

S570.000  capiul 
5350,000^  operating 

TSS 

VSS 

Aluminum 

Copper 

Vanadium 

Zinc 

142 
■  14 

0.40 
0.035 
0.126 
0.034 

16 

1.9 

0.16 

0.020 

0.106 

ai5 

87% 
87% 
60% 
43% 
16% 
56% 

Nitrification 

$2,600,000  capital 
$80,000/y  operating 

Ammonia-N 

TKN 

Nitrate-N 

I43I 
223I 
85.7 

<0.8 
<8.8 
>99.2 

>94% 
>60% 
-16% 

Total 

S4,02S,500 
$690,004^ 

_ 

Notes: 

1.             EfQuent  loading  after  upstieain  steam  stripping. 
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BAT  Option  2 


Description 

A  schematic  of  the  processes  included  in  BAT  Option  2  is  presented  in  Figure  A2.  BAT 
Option  2  incorporates  in-plant  steam  stripping  and  neutralization  and  settling  of  final 
effluents,  as  described  in  Section  4.1.  Because  nitrification  is  not  included  in  this  option, 
flow  equalization  is  not  required  and  therefore,  settling  basins  are  significantly  smaller. 
The  estimated  design  features  of  these  basins  are  presented  in  Table  11. 


Costs  and  Performance 

Removal  of  target  contaminants  for  each  of  the  technologies  included  in  BAT  Option  2 
was  described  in  Section  4.1.  The  implementation  of  the  stream  stripper  will  result  in 
effluent  ammonia  nitrogen  levels  of  14.3  kg/d  compared  to  49.4  kg/d  defined  by  U.S. 
BAT. 

With  the  exception  of  the  settling  lagoons,  costs  are  the  same  as  those  presented  in  Sec- 
tion 4.1.  The  settUng  lagoon  capital  costs  are  less  because  additional  capacity  is  not 
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Table  11 

Design  Features  of  Sedimentation  Lagoons 

for  Nitrochem  Inc. 

Component 

Value                                 1 

Average  flow 

SOOm^/d 

Peak  flow 

4,900  m^/d 

Surface  loading  rate  (peak) 

64  m^/m^/d 

Surface  area 

75  m^ 

Number  of  ponds 

2  @  75  m^ 

Weir  height 

0.7  m 

Sidew 

2:1 

all  and  berm  slope 

850  m^ 

Land  area  required 

required  for  flow  equalization. 

Table  12  summarizes  BAT  Option  2  costs  and  performance. 


Table  12 
Summary  of  Estimated  Costs  and  Projected  Performance  for  BAT  Option  2 

Technology 

Costs 

Parameter 

Carrent  loading 
at  CO0400  (kg/Td) 

Projected  Loading 
at  CO0400  (kg^d) 

Loading 
Reduction 

Steam  stripping  of 
Hydrogen  Plant 
Texaco  Generator 
efOueots 

$618400  capital 
$260,000/y  operating 

Ammonia-N 
TKN 

97 
105 

143 
22J 

85% 
78% 

Neutralization 

S240,000  capital 
undefined  operating 

pH 

1 J  -  10.9 

6J-8J 

- 

Settling 

$250,000  capital 
$350,000/y  operating 

TSS 

VSS 

Aluminum 

Copper 

Vanadium 

Zinc 

142 
14 

0.40 
0.035 
0.126 
0.034 

16 
1.9 
0.16 
0.020 
0.106 
0.015 

87% 
87% 
60% 
43% 
16% 
56% 

Total  Cost 

$1,110,000  capital 
$6l(M)0(Vy  operadiig 
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BAT  Options  4  and  5 


BAT  Options  4  and  5  include  best  management  practices  for  source  control  of  phos- 
phorus and  thiocyanate  from  raw  waters,  and  for  control  of  oil  and  grease  and  phenols 
discharges.  Treatment  technologies  recommended  under  these  Options  include  steam 
stripping  of  the  Texaco  Generator  effluents,  as  well  as  neutralization  and  settling,  as 
described  for  BAT  Option  1.  In  addition,  biological  nitrogen  removal  by  nitrification  and 
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denitrifîcation  is  recommended  for  treating  settling  pond  effluents.  A  granular  media  fil- 
ter is  included  following  the  biological  system  for  maximum  removal  of  dioxin  and  furan 
compounds  adsorbed  to  biological  floe.  A  schematic  of  the  recommended  final  effluent 
treatment  system  is  presented  in  Figure  A3. 


4J.1  Best  Management  Practices  for  Control  of  Raw  Material  Contamination 

Description 

A  detailed  review  of  current  raw  materials  and  handling  practices  is  necessary  to  estab- 
lish where  contamination  of  discharges  is  occurring,  and  to  identify  control  measures. 
These  may  include: 

•  Containment  of  raw  materials  storage  areas. 

•  Routine  inspection  of  storage  containers  for  leaks. 

•  Maintaining  control  on  raw  materials  handling,  including  provision  of 
routine  handling  procedures,  as  well  as  procedures  for  spill  prevention  and 
clean-up. 

•  Good  housekeeping. 


Performance 

Complete  elimination  of  raw  materials  contamination  should  result  with  a  comprehensive 
program  of  source  controls.  Contaminant  removal  carmot  be  estimated,  since  raw 
materials  may  not  be  the  only  source  of  the  target  pollutants,  phosphorus  and  cyanide. 


Costs 

Costs  of  best  management  practices  carmot  be  estimated  until  source  control  measures 
are  defined.  These  cost  are  expected  to  be  small. 


4.2^  Best  Management  Practices  for  Control  of  Oil  and  Grease  and  Phenols 

Contamination 

Description 

Best  management  practices  for  control  oil  and  grease  discharges  carmot  be  specifically 
identified  without  a  detailed  understanding  of  the  plant,  and  potential  sources.  Some 
general  procedures  that  could  be  considered  include: 
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Good  housekeeping  and  prevention  of  materials  spills  and  leaks. 

Containment  of  high  risk  oil  leak  or  spill  locations. 

Placing  oil  absorbent  pads  or  socks  around  equipment. 

Using  oil  absorbent  pads  in  wastewater  collection  sumps  to  absorb  visible 
oil  sheens. 

Other  methods,  depending  on  nature  of  discharge. 

Phenols  detected  at  the  plant  may  in  part  be  associated  with  oil  and  grease  contamin- 
ation. However,  because  oils  and  grease  levels  were  low,  other  phenols  sources  are  indi- 
cated. An  audit  of  potential  sources  is  recommended,  and  best  management  practices  as 
described  above  are  recommended  for  control. 

Performance 

Oil  and  grease  effluent  concentrations  were  generally  less  than  3  mg/L  over  the  12  month 
MISA  Monitoring  Regulation  period.  One  high  month,  skewed  the  reported  mean  level. 
If  best  management  practices  were  implemented,  excessive  levels  should  not  occur. 
Table  13  presents  the  projected  reduction  in  oil  and  grease  levels. 


Table  13 

Projected  Performance  Resulting  From  Implementation  of  Best  Management 

Practices  for  Oil  and  Grease  Control 

PanuDcler 

Current  Qoalily  at  €00400^ 

Projected  QoaUty  at  CO0400 

Loading  Redocttoo 

OU  and  Grease 

Icg/d 
•                mg/L 

15.7 
20.4 

Zl2 
2.73 

87% 

Notes: 

1.  Mean  dau  erom  12  months  MISA  monitoring  at  CO0400. 

2.  Calculated  bom  mean  concentiation  and  12  month  mean  Qow  rate. 

3.  Average  oil  and  grease  concentration  measured  at  CO0400  over  11  months  of  MISA  monitoring  and  occludes  1 
month  with  excessive  oil  and  grease  levels  (900  mg/L). 

TheoreticaUy,  complete  elimination  of  phenols  from  effluents  contributed  from  materials 
used  at  the  plants  should  be  achievable  through  source  control.  However,  because  the 
sources  of  this  pollutant  may  include  those  other  than  materials  used  at  the  site  (e.g. 
storm  water  runoff,  contaminated  seepage,  etc.)  performance  for  source  control  caimot 
be  calculated. 
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Costs 


Costs  of  best  management  practices  cannot  be  estimated  until  source  control  methods 
are  defined.  These  costs  are  expected  to  be  small. 


4J3  Settling,  Equalization  and  Biological  Nitrogen  Removal 

Description 

Biological  nitrogen  removal  in  a  two  stage  process  involves  oxidation  of  ammonia  to 
nitrate  (nitrification),  followed  by  reduction  of  nitrate  to  nitrogen,  nitrous  oxide 
(denitrification)  or  nitric  oxide.  The  first  stage  was  recommended  under  BAT  Option  1. 
The  second  stage  takes  place  under  anoxic  conditions  and  with  a  carbon  source  (e.g.  met- 
hanol). 

For  the  purposes  of  costing  this  technology  for  Nitrochem,  a  nitrification  denitrification 
system  using  fluidized  bed  reactors  was  assumed.  The  general  technology  report  presents 
details  on  this  process.  Other  fixed  fihn  and  suspended  growth  systems  would  produce 
similar  effluent  quality  (Ref.  14). 

Because  the  effluent  flows  at  Nitrochem  vary  widely,  equalization  of  flow  upstream  of  the 
reactor  is  recommended  using  the  same  system  described  under  BAT  Option  1  in  Section 
4.1.3.  The  denitrification  system,  following  nitrification  will  have  the  same  assumed  cap- 
acity of  1,000  m^/d. 

Performance 

Removal  efficiencies  have  been  measured  for  several  contaminants,  including  ammonia, 
cyanide  and  phenols,  over  the  entire  nitrification/denitrification  system  (Ref.  14).  Based 
on  the  literature  data,  contaminant  removal  performances  of  the  system  treating  Nitroc- 
hem effluents  were  calculated,  and  are  presented  in  Table  14. 


Costs 

Estimated  cost  for  the  neutralization,  settling  and  end-of-the  pipe  treatment  system  are 
presented  in  Table  15.  The  total  capital  cost  is  estimated  to  be  $4,480,000  (ENR  CCI 
6343). 

Operating  costs  for  the  nitrification/denitrification  system  include  oxygen,  chemicals, 
methanol  and  sludge  disposal.  Total  operating  costs  are  estimated  at  greater  than 
$530,000  per  annum  (1991). 
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Table  14 

Projected  Performance  Resulting  from  the  Implementation  of 

Nitriiication/Denitrifîcation 

Paiamctcr 

EEtimaleil  NlliiUcaUoa/ 

DenUriflcalioa  Innaent 

QoaUty 

EsUmaied  RmoTal 
Emcicocj'^ 

Projected  Effloeni  Qoallt; 
atCRMOO 

Ammoiiia-N 

14.4 
18 

99  J% 

<0.02 
<1 

Nitniie-N 

(kg/d) 

(mg/L) 

86 
92.4 

<5  ing/L 

4.0 
<5 

TKN 

(kg/d) 
(mg/L) 

223 
28 

95.2% 

1.1 
13 

Phenols 

(kg/d) 
(mgA-) 

0.051 
86 

>99.9% 

<0.00 

Total  Cyanide 

(kg/d) 
(mg/L) 

0.20 
032 

91  %3 

0.02 
0.03 

Notes; 

1.  Ref.  14. 

2.  Estimated  mean  quality  after  upstream  treatmenL 

3.  Assumes  total  cyanide  primarily  in  the  form  of  thiocyanate. 

Table  15 
Capital  and  Operating  Costs  of  End-of-Pipe  Treatment  System 

Component 

Capital  Cost^ 

Annaal  Operating  Cost  ($199t> 

Neutralization 

Settling/equalization  lagoons 
NitriCcation/dcnitrification  system 

$240,000 
$570,000 
$3,670,000 

undefliied 
$350,000 
$180,000 

Total 

$4,430,000 

>$53O,0OO 

Notes: 

1.              ENR  CCI  6343. 

43.4  Tertiary  Effluent  Filtration 

Description 

Biological  floe,  measured  as  TSS,  formed  in  the  biological  treatment  system  will  be  the 
adsorbent  for  dioxin  furan  compounds.  Waste  floe  will  be  settled  and  sludge  disposed. 
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However,  some  biomass  residual  will  remain  in  effluents.  Therefore,  granular  media  fil- 
tration is  recommended  after  the  biological  system  for  maximum  TSS  removal,  and  dioxin 
and  furan  removal  from  effluents. 

For  the  purposes  of  costing,  two  gravity  fed  rapid  sand  filter  columns  were  assiraied. 
Each  column  would  be  sized  for  the  effluent  flow  rate  of  1,000  m^/d.  Columns  would 
operate  in  parallel,  and  during  backwashing  of  one  column,  the  other  column  would  filter 
the  entire  flow.   Backwash  water  would  be  returned  to  the  equalization/settling  basin. 

Table  16  presents  the  estimated  design  features  of  the  sand  filter  system. 


Table  16 
Design  Features  of  Rapid  Sand  Filtration  System^ 


CompoDcnt 


Filtration  rate 

Surface  area 

Diameter 

Solids  loading  rate 

Number  of  filters 

Bed  depth 

sand 
gravel 


Value 


53  m^ 
2.6  m 

42  mg/m^-S 
2 

0.8  m 
0.4  m 


Notes: 


1.  Based  on  typical  values  presented  in  Ref.  21. 

2.  Assuming  20  mg/L  TSS  in  Citer  influent 


Performance 


Mean  effluent  TSS  concentrations  of  5  mg/L  are  achievable  when  filtration  of  biological 
floe  is  used.  Documented  performance  data  for  removal  of  dioxin  and  furan  compounds 
from  effluents  using  biological  floe  removal  were  not  identified  in  a  global  literature 
search.  Based  on  the  theoretical  sludge  production  rate  (Ref.  14),  60  mg/L  of  biolo^cal 
floe  produced  per  day  will  be  reduced  by  92  percent  through  settling  and  filtration. 
Thus,  an  estimated  92  percent  removal  of  dioxin  furan  compounds  is  estimated. 


Costs 


The  estimated  capital  costs  for  implementing  two  granular  media  filters  with  the  details 
identified  in  Table  16  is  $1,520,000.  Operating  costs  would  not  significantly  increase 
those  of  the  end-of-pipe  treatment  system. 
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43^ 


Summary 


Table  17  presents  a  summary  of  the  estimated  costs  and  projected  performance  resulting 
from  the  implementation  of  BAT  Option  4  and  5, 


Table  17 
Summary  of  Projected  Cost  and  Estimated  Performance  of  BAT  Options  4  and  5 

Tcchnoios' 

Costs 

Parameter 

Cumnt 

y  rta^^jng  at 

CO0300 

(kg/<D 

Projected 
CO0300 

T  itaiilng 
Reduction 

Steam  stripping  of 
Hydrogen  Plant 
Texaco  Generator 
effluents 

S615400  caplul 
S260,000/y  operating 

Ammonia 

TKN 

Nitrate-N 

pH 

TSS 

vss 

Aluminum 

Copper 

Vanadium 

Zinc 

Oil  &  grease 

Cyanide 

Phenolics 

Total  H6CDF  (mg/d) 

Total  H7CDD  (mg/d) 

Total  H7CDF  (mg/d) 

Octachlorodibenzodioxin  (mg/d) 

Ociachlorodiobenzofuran  (mg/d) 

97 

105 

86 

13-10.9 

142 

14 

0.40 

0.035 

0.126 

0.034 

20 

0.20 

0.051 

0.019 

0.176 

0.050 

0.606 

0.030 

<0.2 

1.1 

4.0 

6J-8J 

5 

0.6 

0.16 

0.20 

0.106 

0.015 

2.1 

0.02 

<0.00 

0.002 

0.014 

0.004 

0.048 

0.0002 

>99.8% 
99% 

95% 

96% 
96% 
60% 
43% 
16% 
56% 
90% 
91% 
>99.9% 
92% 
92% 
92% 
92% 
92% 

Best  management 
practices  for  oil 
and  grease  control 

undefined 

Best  management 
praaices  for  con- 
trol of  raw 
materials 
contamination 

undefined 

Neutralization 

$240,000  capital 
undefined  operating 

Settling 

$570,000 
$350,000/y  opcraung 

NitriCcatioD/De- 
oitriCcation 

$3.670,000  capiul 
$180,000^  operating 

Filtration 

$1420,000  capital 
insignificant  operating 

Total  Cosi 

$6^16,000  capital 
$790.000  operating 

5.0 


SUMMARY  OF  BAT  OPTIONS 


Table  18  presents  a  summary  of  costs  and  performance  estimated  for  implementation  of 
BAT  Options  recommended  for  Nitrochem  Inc. 


6.0 
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Inorganic  Chemical  Sector  Plants  Site  Visit  Report,  Nitrochem  Inc.  May  2  and  3, 
1991  (unpublished). 
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Table  18 

Summary  of  Estimated  Costs  and  Projected  Perfonnance  of  BAT  Options 

BAT  Options 

Component 

BAT  Option  1 

BAT  Option  2 

BAT  Option  3 

4  and  5 

Cost 

Capital 

$4,028^00 

$1,110,000 

so 

S5,100,000 

Operating 

$690.000/y 

$610,000/V 

so 

S790,OOOyV 

Loading  Redaction 

AmiDoaia-N  (kg/d) 

>96 

83 

0 

>S6 

TKN(kg/d) 

104 

83 

0 

104 

Nilraic-N  (kg/d) 

-13J 

0 

0 

84 

pH 

6J-8^ 

6J-8.5 

13-10.9 

6.5-8J 

TSS  (kg/d) 

126 

126 

0 

137 

VSS  (kg/d) 

IZl 

IZl 

0 

13.4 

Alummum  (kg/d) 

0^ 

0.24 

0 

0.24 

Copper  (kg/d) 

0.015 

0.015 

0 

0.015 

Vanadium  (kg/d) 

0.020 

0.020 

0 

0.020 

Zinc  (kg/d) 

0.019 

0.019 

0 

0.019 

OU  and  Grease  (kg/d) 

0 

0 

0 

17.9 

Cyanide  (kg/d) 

0 

0 

0 

0.18 

Phenolics  (kg/d) 

0 

0 

0 

0.051 

Total  H6CDF  (mg/d) 

>0 

0 

0 

0.017 

Total  H7CDD  (mg/d) 

>0 

0 

0 

0.162 

Total  H7CDF  (mg/d) 

>0 

0 

0 

0.046 

Octachlorodibenzod- 

>0 

0 

0 

0J58 

ioxin  (mg/d) 

>0 

0 

0 

0.028 

Octachloridibcnz- 

ofuran  (mg/d) 

■ 

2.  R.V.  Thurston,  R.C.  Russe.  Ammonia  Toxicity  to  Fishes.  Effect  of  pH  on  the 
Toxicity  of  the  Un-ionized  Ammonia  Species,  Environmental  Science  and  Tech- 
nology. Vol  15,  No.  7,  July,  1981. 

3.  Water  Quality  Criteria  for  European  Fresh  Water  Fish,  Water  Research,  Vol.  7, 
1973. 
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74-001-a.  March  1974. 
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Report  EPA-6-/2-79-186.  August  1979. 


33 


TOR/INORG3/992J1 


7.  Process  Design  Manual  for  Nitrogen  Control.  U.S.  EPA  Technology  Transfer. 
October  1975. 

8.  J.H.  Koon,  WJ.  Kaufmann.  Ammonia  Removal  from  Wastewater  by  Ion 
Exchange.  Journal  of  Water  Pollution  Control  Federation,  Volume  47,  1975. 

9.  Telephone  conversation  with  Irwin  Higgins  of  Lake  Industries  Inc.,  Oakridge, 
Termesse.   July  1991. 

10.  J.W.  Patterson.  Industrial  Wastewater  Treatment  Technology  Second  Edition. 
Butterworth-Hermenann.   1985. 

11.  Telephone  conversation  with  Roy  Dugan  of  Air  Products  and  Chemicals  Inc., 
Pensecola.  April  1991. 

12.  Inorganic  Chemical  Sector  Plants  Site  Visit  Report,  ICI  Nitrogen  Products, 
Lambton  Works. 

13.  Correspondence  from  lyasu  Burru  at  Nitrochem  to  the  Ministry  of  the  Environ- 
ment, September  24,  1990. 

14.  General  Technology  Report  Biological  Nitrogen  Removal. 

15.  Telephone  conversation  with  Paul  Boron  of  Calgon.  November,  1991. 

16.  Thirty  Seven  Municipal  Water  Pollution  Control  Plants  Pilot  Monitoring  Study. 
Report  prepared  by  CH2M  HILL  for  the  Ontario  Ministry  of  the  Envirormient. 
July  1989. 

17.  General  Technology  Report  for  Cooling  Tower  and  Boiler  Water  Make-up  Treat- 
ment Chemicals. 

18.  General  Technology  Report  Ammonia  Removal  by  Steam  Stripping  for 
Nitrochem  Inc. 

19.  Sister  Plant  Technology  Report  Coagulation/Settling/Filtration  Ponds  at  Cabot 
Canada  Ltd. 

20  Design  Guidelines  for  Water  and  Sewage  Treatment  Plants.  Ontario  Ministry  of 
the  Enviroiunent  Report.  April  1982. 

21.  Adams,  B.J.,  and  Bontje,  J.B.  Microcomputer  Applications  of  Analytical  Models  for 
Urban  Storm  Water  Management.  Engineering  Foundation  Conference  on  Emer- 
ging Computer  Techniques  in  Storm  Water  and  Rood  Management,  1985. 

22.  General  Technology  Report  Settling/Sedimentation  for  TSS  Removal. 

34 

TOR/INORG3W2^1 


APPENDFX 
Tables  and  Figures 


TOR/1NORG3/992J1 


Table  A1,  Nitrochem  Inc.  MaitJand 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0400 
Description:  Combined  •  Rnal  Effluent 

Contaminant 

Units 

Concentration  over  12  Month 
Sanping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Row 

m3/d 

229 

4900 

798 

COD 

mg/L 

66 

83 

73.2 

47.065 

Cyanide  Total 

mg/L 

0.013 

0.91 

0.321 

0.196 

Hydrogen  Ion  (pH) 

1.32 

3000 

17.8 

Ammonia  Plus  Ammonium 

mg/L 

28 

380 

112 

96.837 

Total  Kjeldahl  Nitrogen 

mg/L 

0.16 

.     410 

122 

105.221 

Nitrate  and  Nitrite 

mg/L 

0.92 

430 

92.4 

85.708 

DOC 

mg/L 

14 

160 

32.6 

19.526 

TOC 

mg/L 

14 

140 

30.9 

18.656 

Total  Phosphoms 

mg/L 

0.069 

7.3 

1.36 

0.877 

Specific  Conductance 

uS/cm 

640 

38000 

,.X«390 

Total  Suspended  Solids 

mg/L 

4.2 

17000j 

^'^   199 

142 

VSS 

mg/L 

11 

■.è^ 

,#^'8.8 

14.378 

Aluminum 

ug/L 

9 

^i'^ 

"^       594 

0.402 

Boron 

ug/L 

A^ 

L^^ 

106 

0.073 

Copper 

ug/L 

^6 

^   960 

68.3 

0.035 

Strontium 

ug/L 

120 

380 

266 

0.195 

Vanadium 

ug/L 

15 

3200 

200 

0.126 

Zinc 

ug/L 

4 

1500 

52.9 

0.034 

Mercury 

ug/L 

0.019 

0.34 

0.168 

0 

Phenolics  {4AAP) 

ug/L 

11 

370 

85.5 

0.051 

Sulphide 

ug/L 

19 

170 

84.8 

0.045 

Bromoform 

ug/L 

0.37 

29 

3.99 

0.002 

Chloroform 

ug/L 

0.4 

12 

2.95 

0.002 

Tetrachloroethylene 

ug/L 

0.2 

340 

44.5 

0.026 

Trichloroethylene 

ug/L 

0.3 

9.5 

2.35 

0.002 

Trans-1 ,2-Dichloroethylene 

ug/L 

0.4 

18 

6.13 

0.005 

1,1-Dichloroethane 

ug/L 

0.5 

2.9 

1.08 

0.001 

1,1-Dichloroethylene 

ug/L 

0.4 

4.1 

1.88 

0.001 

Phenol 

ug/L 

1.1 

85 

13.8 

0.008 

Total  H6CDF 

pg/L 

15 

74 

24.4 

0 

Total  H7CDD 

pg/L 

17 

530 

220 

0 

Total  H7CDF 

pg/L 

20 

170 

62.6 

0 

Octachlorodibenzo-p-dioxin 

pg/L 

20 

1500 

760 

0 

Octachlorodibenzofuran 

pg/L 

22 

81 

37.2 

0 

Oil  and  Grease 

mg/L 

0.96 

901 

20 

15.695 

PCBT 

ug/L 

0.05 

12 

0.377 

0 

Chtoride,  Unfiltered  Reactive 

mg/L 

52 

140 

97 

56.878 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.2 

0.4 

0.275 

0.157 

Sulphate,  Unfiltered  Reactive 

mg/L 

230 

860 

518 

294 

Table  A2 
Toxicity  Data  for  Nitrochem  Inc.  for  the  First  Six  Months  of  the  MISA  Monitoring 

Control  Point 

Test  Species 

Number  of 
Samples 

Range  of  Data 

Nomber  of  Non-Iethal 
Samples 

CO0400 

Rainbow  trout 
Daphnia  magna 

7 
6 

2.4%  to  14.1% 
3.1%  to  17.2% 

0 

0                1 
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IS 

CO  Q. 


■^  i= 


S 

3 


2 
CO 


I  Jl 


85 

^  UJ  B 

Sa 

oc 


Pi 

otîa 

Ou  Q 


Nitrochem 
Maitland 


CONCENTRATIONS 

LOADINGS     kg/day 

ATG 

PARAMETER 

RMDL 

UNIT 

CO  0400 

IN  0800 

CO  0400 

IN  0800 

c 

Total  suspended  solids 

5 

mg/L 

199 

4.2 

197 

3.35 

c 

Hydrogen  ion  (pH) 

9.63 

7.94 

c 

Specific  conductance 

uS/cm 

3390 

315 

c 

DOC 

0.5 

mg/L 

32.5 

1.6 

21.8 

1.28 

c 

TOC 

5 

mg/L 

30.9 

20.5 

c 

Oil  and  grease 

1 

mg/L 

20.4 

1.53 

1.81 

1.22 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

112 

14.9 

102 

11.9 

c 

Nitrate + Nitrite 

0.25 

mg/L 

92.4 

22.6 

90.2 

18 

c 

Total  IQeldahl  nitrogen 

0.5 

mg/L 

122 

7.7 

108 

6.15 

c 

Total  phosphorus 

0.1 

mg/L 

1.36 

0.069 

1.09 

0.055 

09 

Aluminum 

30 

ug/L 

594 

33 

0.558 

0.026 

09 

Boron 

50 

ug/L 

106 

21 

0.086 

0.017 

09 

Copper 

10 

ug/L 

56.3 

2 

0.044 

0.002 

09 

Strontium 

20 

ug/L 

267 

156 

0.238 

0.125 

09 

Vanadium 

30 

ug/L 

200 

3 

0.14 

0.002 

09 

Zinc 

10 

ug/L 

52.9 

4 

0.041 

0.003 

12 

Mercury 

0.1 

ug/L 

0.168 

0.019 

- 

- 

14 

Phenolics  (4AAP) 

2 

ug/L 

85.5 

1 

0.058 

0.001 

15 

Sulphide 

20 

ug/L 

84.8 

40 

0.021 

0.032 

16 

1,1 -Dichloroe  thane 

0.8^ 

ug/L 

1.08 

0.5 

0.001 

- 

16 

1,1-Dichloroethylene 

2.8 

ug/L 

1.88 

0.4 

0.001 

- 

16 

Bromoform 

3.7 

ug/L 

3.99 

0.37 

0.003 

- 

16 

Chloroform 

0.7 

ug/L 

2.95 

0.4 

0.001 

- 

16 

Tetrachloroethylene 

1.1 

ug/L 

44.5 

0.2 

0.027 

- 

16 

Trans-1,2-Dichloroethylen 

1.4 

ug/L 

6.13 

0.4 

0.005 

- 

16 

Trichloroethylene 

1.9 

ug/L 

2.35 

0.3 

0.002 

- 

17 

Benzene 

0.5 

ug/L 

0.2 

0.85 

- 

0.001 

17 

Toluene 

0.5 

ug/L 

0.4 

1.6 

- 

0.001 

20 

Phenol 

2.4 

ug/L 

13.8 

1.1 

0.011 

0.001 

24 

Octachlorodibenzo-p— dioj 

30 

pg/L 

760 

20 

- 

- 

24 

Octachlorodibenzofuran 

30 

pg/L 

37.2 

22 

- 

- 

24 

Total  H6CDF 

20 

P9/L 

24.4 

15 

- 

- 

24 

Total  H7CDD 

30 

pg/L 

220 

17 

- 

- 

24 

Total  H7CDF 

30 

Pfl/L 

62.6 

20 

- 

- 

2 

Cyanide  Total 

0.005 

mg/L 

0.321 

0.001 

0.024 

0.001 

27 

PCBT 

0.1 

ug/L 

0.377 

0.05 

- 

- 

98 

Ftflow 

m3/d 

798 

11 

Chloride 

2 

mg/L 

97 

21 

60.1 

16.8 

12 

Fluoride 

0.1 

mg/L 

0.275 

0.100 

0.163 

0.080 

13 

Sulphate 

5 

mg/L 

518 

25 

335 

20 

Notes 

CO0400  is  the  'Final  Effluent'  which  discharges  into  the  St.  Lawrence  River. 

Flow  value  and  loadings  are  of  uncertain  accuracy  due  to  incorrect  flow  monitoring  device  settings. 


APPENDIX  17 
Norton  Advanced  Ceramics  of  Canada  Inc. 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 
NORTON  ADVANCED  CERAMICS  OF  CANADA  INC. 

1.0  PLANT  DESCRIPTION 

Norton  Advanced  Ceramics,  Niagara  Falls,  produces  a  range  of  fused  alumina  manufac- 
tured abrasives.  Molten  aluminum  oxide  is  formed  in  an  electric  arc  furnace  through 
the  melting  of  bauxite,  coke  and  iron  borings.  Other  raw  materials  include  sulphur, 
calcined  alumina,  sulphuric  acid,  magnesium  oxide,  baddeleyite  (a  zirconium-bearing 
mineral)  and  chromic  oxide,  depending  on  the  abrasive  being  produced.  The  molten 
product  is  poured,  cooled  and  solidified  prior  to  crushing,  grinding  and  the  size  classifi- 
cation required  for  sale.  In  the  production  of  light  and  dark  fused  alumina,  by-product 
ferro-silicon  is  periodically  poured  from  the  furnace  and  is  also  solidified,  crushed  and 
sold  when  markets  exist. 

The  process  involves  the  use  of  water  for  contact  cooling  as  well  as  product  finishing. 
Water  for  the  site  is  drawn  from  the  nearby  Welland  River. 

Details  on  plant  production  processes  and  wastewater  management  are  provided  in  the 
site  visit  report  (Ref.  1). 

2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

There  are  three  sources  of  process  related  effluent  at  the  plant: 

•  Contact  cooling  water  ô^om  sumps  collecting  drainage  from  furnace  areas. 

•  Process  water  from  slaking,  screening,  acidification/de-acidification  and 
hydro-classification  of  the  Alundum^32  product. 

•  Process  water  from  the   milling/screeningAvashing  operation  for  the 
alimiina  zirconia  product. 

Non-process  related  effluents  consist  entirely  of  storm  water  collected  from  the  plant 
site. 

Four  outfalls  were  monitored  under  the  MISA  monitoring  regulation.  Wastewater 
sources  for  these  four  outfalls  are  described  below: 
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MISA  Control  Point  CO0200 

Contact  cooling  water  (sump  overflow)  which  has  been  treated  in 
a  settling  basin. 

Untreated  storm  water  from  the  northeast  border  of  the  plant  site. 

MISA  Control  Point  CO0300 

Contact  cooling  water  (sump  overflow)  which  has  been  treated  in 
a  settling  basin. 

Process  wastewater  from  the  Alundum^32  plant  which  has  been 
treated  with  lime  addition  and  settling  in  lined  lagoons. 

MISA  Control  Point  CO0400 

Contact  cooling  water  (sump  overflow)  and  process  wastewater 
from  the  alumina  zirconia  plant  which  has  been  treated  in  a  set- 
tling basin. 

MISA  Control  Point  ST0600 

Untreated  storm  water  from  the  remainder  of  the  plant  site. 

Intake  water  from  the  Welland  River  was  also  monitored  as  MISA  Confrol  Point 
IN0800  during  the  regulation  monitoring  period.. 

22  Wastewater  Flows  and  Quality 

Tables  Al  to  A3  in  the  Appendix  present  average,  maximum  and  minimum  flow  and 
concentration  data  as  well  as  average  daily  loading  for  those  contaminants  defined  by 
the  Ministry  of  the  Environment  as  "Priority  1"  for  MISA  Confrol  Points  CO0200, 
CO0300  and  CO0400. 
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3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  five  BAT  options  for  management  of 
wastewater,  with  the  exception  of  storm  water  runoff\  were  considered  for  each 
Ontario  Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3         -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5        -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  discussion. 


BAT  Option  1 

Toxicity  data  collected  and  compiled  for  the  first  six  months  of  the  MISA  monitoring 
period  by  the  Ministry  of  the  Enviroimient  are  presented  in  Table  A4.  At  MISA  Con- 
trol Points  000200  and  CO0400,  seven  tests  on  each  of  trout  and  Daphnia  magna  did 
not  result  in  more  than  50%  mortality  of  the  test  species,  resulting  in  LC50s  of  >  100 
percent  to  non-lethal.  Thirteen  of  the  28  tests  on  these  two  effluents  yielded  no  leth- 
ality. 

For  MISA  Control  Point  CO0300,  toxicities  were  somewhat  higher.  For  trout,  five  of 
the  seven  tests  were  non-lethal,  within  LC50s  ranging  fi^om  75%  to  non-lethal.  For 
Daphnia  magna,  two  of  six  tests  were  non-lethal,  with  LC50s  ranging  from  45.1%  to 
non-lethal. 


Storm  water  runoQ  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program 
to  conduct  a  Storm  Water  Control  Study  at  each  site. 
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Levels  of  most  metals,  nitrogen  compounds,  organics  and  sulphate  as  indicated  by  DOC 
and  oil  and  grease,  are  not  in  a  range  generally  considered  to  be  acutely  toxic.  In  the 
case  of  aluminum,  the  levels  present  are  probably  associated  with  particulate  since  TSS 
is  also  high,  and  contamination  from  the  process  materials  is  the  probable  source.  High 
TSS  levels  could  also  contribute  to  toxic  results.  If  effluent  toxicity  at  MISA  Control 
Point  CO0300  is  an  ongoing  concern,  a  toxicity  reduction  study  would  be  recommended 
to  establish  the  source  of  and  control  measures  for  the  toxic  constituents. 

Since  these  effluents  are  relatively  non-toxic  and  only  further  testing  could  establish  the 
source  of  toxicity  at  CO0300,  BAT  Option  1  is  the  existing  system  at  Norton  Advanced 
Ceramics. 


BAT  Option  2 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  BAT  and  effluent 
limitations  were  not  defined  for  the  abrasives  manufacturing  sub-category.  Further- 
more, a  search  for  "sister"  abrasives  plants  in  the  U.S.  found  that  technologies  for 
wastewater  control  more  advanced  than  those  existing  in  Ontario  were  not  used  (Ref. 
2).  Thus,  a  BAT  Option  2  was  not  defined. 


BAT  Option  3 

Four  abrasives  manufacturing  plants  are  included  in  the  Ontario  Inorganic  Chemical 
Sector.  All  plants  incorporate  settling  and  recycle  of  contact  cooling  water  with  dis- 
charge of  overflows.  Table  1  presents  a  comparison  of  major  process  related 
contaminants  discharged  from  the  four  plants.  Effluents  from  Norton  compare  favour- 
ably to  other  abrasives  plants,  with  one  exception.  Aluminum  levels  are  approximately 
one  order  of  magnitude  higher  at  Norton  than  elsewhere.  This  suggests  loss  of  process 
materials  to  the  wastewater.  Despite  this  fact,  more  advanced  technologies  are  not 
being  used  for  wastewater  control  at  any  Ontario  plant.  For  this  reason,  BAT  Option 
3  is  the  existing  wastewater  system  at  Norton  Advanced  Ceramics. 


BAT  Option  4 

Careful  review  of  the  process  and  quality  of  effluents  (Tables  Al  to  A3)  at  the  plant 
indicated  that  a  number  of  contaminants  including  DOC,  COD,  nitrogen  compoxmds, 
total  phosphorus,  boron,  chromium,  copper,  strontium,  zinc,  chloride,  and  fluoride  are 
present  at  levels  which  are  consistent  with  siirface  water  quality  in  Ontario.  Technol- 
ogies for  the  removal  of  these  low  levels  of  contaminants  may  be  available  and  have 
been  used  in  specific  applications  (e.g.  drinking  water  treatment).  However,  an  exhaus- 
tive, global  search  carried  out  as  part  of  this  study  did  not  identify  practical  applications 
of  these  technologies  to  treating  industrial  wastewater  effluents  with  similar  contamin- 
ant concentrations. 
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It  should  also  be  noted  that  many  of  these  contaminants  are  "Priority  1"  parameters  in 
the  intake  water,  as  documented  in  Table  A5. 


Table  1 
Comparison  of  Effluents  from  Four  Ontario  Abrasives  Plants  ^•^ 

Paiameter 

EfoioaESK 
Company  of 

Norloo  Adrmaced 
Ceramics  of 
Canada  Idc^ 

Washingtoo  MOIS 

Elfctro-Mtocrab 
Con»-* 

Flow  (m^/d) 

9,440 

7,430 

1,988 

17.810 

TSS 

mg/L 
kg/d 

19 

185 

17 
123 

20 

41 

5.2 
94 

Aliirninlim 

Icg/d 

280 

Z7 

1,433 
10.7 

68 
0.14 

159 

Z8 

OU  &  Grease 

mg/L 
kg/d 

n.p.' 

li 
IIJ 

6.1 

1Z2 

1.2 
20.7 

Notes: 

1.              Average  Qows  and  loadings,  and  mean  concentrations  measured  over  12  months  of  MISA  Monitoring  Regu- 
lation period. 

Z               Contaminant  loads  arc  not  directly  comparable  and  should  be  based  on  production  rates.  Production  rates 
were  unavailable  for  most  plants. 

3.  Measured  at  Control  Point  COOIOO  at  Exolon  ESK. 

4.  Measured  at  Control  Point  CO0200,  CO0300  and  CO0400  at  Norton. 

5.  Measured  at  Control  Point  COOlOO  at  Washington  Mills  Ltd. 

6.  Measured  at  Control  Point  COOlOO  and  CO0200  at  Washington  Mills  Electro  Minerals. 
7               OU  and  grease  not  a  "Priority  1"  parameter  at  Exolon  ESK. 

All  three  MISA  Control  Points  (CO0200,  CO0300  and  CO0400)  have  relatively  high 
levels  of  total  suspended  solids  and  aluminum.  Although  average  levels  are  not  extrem- 
ely high,  maximum  levels  suggest  that  some  further  control  measures  may  be  necessary. 
Aluminum  levels  are  most  probably  associated  with  particulates  and  indicate  that  loss 
of  process  materials  (e.g.  bauxite  and/or  aluminum  oxide  product)  is  occurring. 

The  wastewater  control  system  at  Norton  is  somewhat  unique.  Contact  cooling  water 
drains  to  recirculation  sumps  prior  to  discharge  or  recycling.  Wastewater  therefore 
receives  some  preliminary  settling  in  the  sumps  prior  to  formal  treatment,  unlike  the 
remaining  abrasives  plants  in  Ontario. 

Discharge  from  these  sumps  is  then  treated  in  settling  basins  prior  to  discharge  to  re- 
ceiving waters.  Flow  data,  provided  by  both  the  MISA  monitoring  results  and  company 
estimates,  were  used  for  confirm  that  these  three  settling  basins  are  all  operating  at  sur- 
face loading  rates  typical  of  primary  settling  units,  and  that  no  further  treatment  should 
be  required  since  the  solids  should  settle  readily  under  these  conditions. 
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An  examination  of  the  data  yielded  no  links  between  high  TSS  levels  and  low  flows,  or 
other  possible  explanations.  These  excursions  in  TSS  and  aluminiim  suggest  that  clean- 
ing of  recirculation  sumps  may  be  required  in  addition  to  twice  yearly  cleaning  of  set- 
tling basins.  This  procedure  is  described  in  greater  detail  under  BAT  Option  4  in  Sec- 
tion 4.1.  It  should  be  noted  that  the  company  has  already  increased  the  frequency  of 
storm  catchbasin  cleanouts  to  twice  per  year  in  an  effort  to  curb  TSS  excursions  in 
storm  water  (Ref.  1). 

Intake  water  data  (Table  A5)  indicate  high  levels  of  TSS  and  this  is  also  a  likely  source 
of  TSS  loadings  in  the  effluents.  The  most  appropriate  means  to  control  these  levels 
would  be  treatment  of  the  raw  water  through  conventional  means  such  as  coagulation 
and  sedimentation  plus  filtration.  However,  the  problems  created  in  the  handling  and 
disposal  of  treatment  residuals  (e.g.  filter  backwash)  would  not  be  offset  by  the  relative- 
ly small  improvement  in  effluent  quality  which  would  result.  Thus,  BAT  Option  4  does 
not  include  measures  for  the  reduction  of  TSS  through  intake  water  treatment. 

Oil  and  grease  may  be  contributed  from  the  process.  Because  of  the  layout  of  the 
operations,  oil  leaks  or  spills  from  equipment  during  repairs  would  fall  onto  the  floor 
and  be  washed  into  the  settling  basins  with  cooling  water.  Oil  collected  at  the  surface 
of  the  settling  basins  is  removed  by  means  of  vacuum  trucks  (Ref.  1).  This  approach 
appears  to  be  effective,  since  mean  oil  and  grease  levels  of  approximately  1  to  2  mg/L 
for  all  three  effluent  streams  were  relatively  low  over  the  12  month  monitoring  period. 
In-plant  management  practices  for  source  control  are  the  recommended  approach  to 
further  reduce  oil  and  grease  levels  in  effluents.  These  are  discussed  under  BAT 
Option  4  in  Section  4.1. 

MISA  Control  Point  CO0200  has  three  additional  "Priority  1"  parameters:  mercury, 
chloroform  and  methylene  chloride.  However,  it  should  be  noted  that  despite  the  pres- 
ence of  these  compounds,  effluents  at  CO0200  had  LC50s  ranging  from  >  100  percent 
to  non-lethal.  The  source  of  these  contaminants  is  not  clear,  although  the  chlorinated 
organics  may  be  present  in  small  amounts  in  solvents  or  greases  used  at  the  site.  The 
general  usage  materials  tables  provided  with  the  company's  MISA  Initial  Report  did 
not  provide  information  on  the  chemical  constituents  of  these  materials.  The  company 
also  reported  that  chlorination  is  not  used  to  treat  intake  water.  No  certain  source  of 
mercury  exists. 

These  three  parameters  are  "Priority  1"  only  for  CO0200,  the  only  outfall  which  dis- 
charges substantial  amounts  of  storm  water  in  addition  to  process-related  effluents. 
The  other  storm  water  outfall  at  the  site,  ST0600,  also  has  mercury  as  a  "Priority  1" 
parameter,  but  it  was  not  monitored  for  chlorinated  organics.  This  suggests  possible 
mercury  contamination  at  the  site. 

One  sample  of  intake  water  was  also  tested  for  chlorinated  organics.  Although  not 
identified  as  "Priority  1"  parameters,  chloroform  was  detected  at  2.2  ^g/L  and 
methylene  chloride  was  detected  at  4.6  \ig/L.  Since  these  levels  are  comparable  to 
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levels  at  CO0200,  intake  water  cannot  be  ruled  out  as  a  possible  source  of  these  conta- 
minants, even  though  they  were  not  "Priority  1"  parameters  at  the  other  outfalls  (CO- 
0300  and  CO0400).  In  addition,  mercury  was  not  a  "Priority  1"  parameter  for  intake 
water,  but  was  detected  at  levels  ranging  from  below  the  detection  limit  to  037  ng/L, 
again  in  the  same  range  as  values  at  CO0200. 

It  is  also  possible  that  detection  of  chloroform  and  methylene  chloride  is  an  analytical 
artifact,  since  these  compounds  are  commonly  used  laboratory  solvents. 

Thus,  it  is  recommended  that  a  source  identification  and  control  study  be  undertaken  in 
order  to  resolve  these  unanswered  questions.  Source  control  will  likely  be  the  most 
effective  pollution  prevention  measure,  since  all  three  contaminants  are  present  at 
levels  near  the  limit  of  that  achievable  by  available  technologies  for  end-of-pipe  treat- 
ment. As  part  of  these  efforts,  a  storm  water  management  study  should  also  be  under- 
taken to  establish  whether  storm  water  is  the  source  of  these  contaminants. 

Thus,  BAT  Option  4  consists  of  two  recommendations: 

•  Regular  cleaning  of  recirculation  sumps  to  prevent  excursions  in  TSS  and 
aluminum. 

•  In-plant  management  practices  for  the  control  of  oil  and  grease. 
This  option  is  discussed  in  greater  detail  in  Section  4.1. 


BAT  Option  5 

Technologies  that  would  advance  the  plant  further  towards  zero-discharge  were  not 
identified  in  the  global  search. 

The  plant  already  recycles  cooling  and  storm  water  from  the  recirculation  sumps,  to 
minimize  the  amount  of  intake  water  required  and  effluents  discharged. 

The  company  is  considering  the  implementation  of  additional  recycling  by  diverting 
flows  at  MISA  Confrol  Point  CO0200  to  the  intake  water  pumphouse  for  complete 
recirctilation  to  the  process  using  excess  intake  pumping  capacity.  This  would  eliminate 
discharges  at  CO0200.  The  incentive  for  this  proposal  is  reduction  in  the  amoimt  of 
intake  water  used,  should  intake  water  require  chlorination/dechlorination  for  control  of 
zebra  mussels  in  the  future.  The  company  believes  this  option  will  not  be  limited  by 
the  temperature  required  for  cooling.  Thus,  BAT  Option  5  includes  complete  recycling 
of  flows  at  CO0200. 
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In  addition,  the  company  is  continuing  to  investigate  the  possibility  of  recycling  effluent 
water  from  Control  Points  CO0300  and  CO0400.  At  the  present  time,  there  is  insuf- 
ficient information  available  on  flow  rates  and  heat  balances  to  assess  the  feasibility  of 
these  options,  or  associated  costs.  In  general,  the  rate  of  recycle  is  dependent  on  the 
temperature  required  for  cooling.  Therefore,  recycle  rates  tend  to  decrease  in  summer 
and  increase  in  winter.  Further  increase  in  recycle  rates  at  these  outfalls  would  possibly 
require  expanded  equalization  ponds,  to  allow  for  greater  heat  transfer,  or  more  elabo- 
rate air  cooled  or  refiigerated  systems.  None  of  these  systems  are  considered  practical 
due  to  the  very  large  capital  expenditures,  and  expansive  land  area  or  electricity  re- 
quirements. Therefore,  these  approaches  to  cooling  are  not  recommended  for  Control 
Points  CO0300  and  CO0400. 

A  further  difficulty  in  implementing  effluent  recycle  which  may  be  encountered  at  Con- 
trol Point  CO0300  is  the  accumulation  of  alkalinity  in  the  system  and  possible  corrosive 
effects.  This  outfall  discharges  effluent  from  the  treatment  system  for  Alumdum^32 
plant  wastewater,  and  this  water  may  not  be  suitable  quality  for  recycle.  Furthermore, 
study  would  be  required  to  assess  the  feasibility  of  this  option. 

Zero-discharge  of  contaminants  associated  with  contact  cooling  water  would  result  if 
cooling  water  were  non-contact,  as  would  be  the  case  if,  for  example,  furnace  cooling 
jackets  were  used.  Reports  from  the  abrasives  industry  (Ref.  3)  indicate  that  this  is  not 
a  feasible  approach. 

In  aluminum  oxide  abrasives  manufacturing,  by-product  ferro-silicon  and  other  impur- 
ities collect  in  the  bottom  of  the  furnace.  Periodically,  this  material  is  super-heated  amd 
poured  out  of  the  furnace.  This  procedure  requires  considerably  more  heat  than  for 
melting  aluminum  oxide,  and  results  in  substantial  damage  to  the  furnace  refractory 
lining  (usually  bricks).  The  cooling  method  currently  used,  involving  cascading  water,  is 
considered  the  only  way  to  prevent  major  accidents  in  these  instances.  A  water  cooled 
jacket,  for  example,  would  be  severely  damaged  and  would  not  function  adequately 
under  these  circumstances. 

Based  on  the  above  discussion,  BAT  Option  5  is  the  complete  recycle  of  flows  at 
CO0200. 


Summary 

Table  2  presents  a  summary  of  BAT  Options  defined  for  Norton  Advanced  Ceramics. 
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Table  2 
Summary  of  BAT  Options  for  Norton  Advanced  Ceramics 

BAT 
OpUou 

DcnniUoa 

DcscripUoa 

1 

Least  cost  produdng  non-lethal 
efDueois 

•  No  change  to  odstiog  system. 

•  Further  toxidty  testing  and  possible  tooddty  reduction  study. 

2 

U.S.  BAT 

No  US.  BAT  defined. 

3 

Best  demonstrated  in  Ontario 

•                No  change  to  edsling  system. 

4 

Maximum  reduction  of  pollu- 
tants 

Regular  deaning  of  recirculation  sumps. 
•                Control  of  oil  and  grease  through  io-plant  management  practices. 

' 

Funhesi  towards  zero-discharge 
of  pollutants 

•               Same  as  BAT  Option  4  plus  complete  recyde  of  flows  at  CO0200. 

4.0 


BAT  OPTIONS 


BAT  Options  1,  2  and  3  do  not  incorporate  changes  to  the  existing  wastewater  nianage- 
ment  system  at  Norton  Advanced  Ceramics.  Technologies  recommended  for  BAT 
Options  4  and  5  are  discussed  below. 


4.1 


BAT  Option  4 


Description 

BAT  Option  4  entails  two  aspects: 

•  TSS  and  aluminum  control  through  regular  cleanout  of  recirculation 
sumps. 

•  Oil  and  grease  control  through  in-plant  management  practices. 

As  noted  in  the  site  visit  report,  some  settling  of  solids  does  occur  in  the  recirculation 
sumps  (Ref.  1)  and  accumulation  of  sohds  in  the  sumps  may  be  contributing  to  excur- 
sions in  TSS  and  aluminum,  despite  twice  yearly  cleanout  of  the  subsequent  settling 
basins.  Qeanout  of  the  sumps  would  occur  twice  a  year  and  involve  recovery  of  solids 
for  recycle  to  the  furnaces  wherever  possible. 

In-plant  management  practices  for  source  control  of  oil  and  grease  releases  will  include 
diligent  collection  of  oils  during  equipment  maintenance  and  repair,  routine  inspection 
of  equipment  for  oil  leaks,  containment  of  higher  risk  leak  and  spill  areas,  placement  of 
absorbent  socks  and  pads  around  equipment,  employee  training  on  oil  spill  procedures, 
etc.  Some  of  these  measures  are  akeady  in  place  at  the  plant,  including  training  for 
clean-up  of  oil  spills,  and  defined  procedures  for  clean-up. 
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Performance 

The  performance  of  the  implementation  of  BAT  Option  4  changes  is  presented  in 
Table  3. 


Table  3 
Projected  Performance  of  Implementing  BAT  Option  4 

Technology 

Contaminant 

Eidstint 

Projected^ 

Mean 
CoDccnlration 

ATcrage 

Mean 
Concenlralion 

Avenge 
Loading 

In-plant  maDagemcni  practices 
for  source  control  of  oil  and 
grease 

Oil  and  grease 

1.7  mg/L 

12.9  kg/d 

0.6  mg/L 

4.8  kg/d 

Clcanout  of  redrculatioo  sumps 
twice  a  year 

TSS 
Aluminum 

17mg/L 
1,400  ng/L 

123  kg/d 
10.7  kg/d 

7.2  mg/L 
470  (ig/L 

53.9  kg/d 
3.5  kg/d 

Notes: 

1.              Minimum  monthly  mean  loading  for  each  of  three  outfalls  were  added  to  obtain  average  loading.  This  figure  was 
divided  by  total  average  yearly  flow  to  obtain  concentrations. 

The  projected  concentrations  of  all  the  noted  contaminants  are  based  on  achieving  the 
lowest  mean  monthly  loadings  observed  over  the  MISA  monitoring  period  on  a  consis- 
tent basis. 


Costs 

Costs  for  implementing  best  management  practices  for  oil  and  grease  control  cannot  be 
calculated  in  detail,  since  the  necessary  changes  to  the  plant  and  employee  training 
could  not  be  defined  within  the  scope  of  this  study.  It  is  reasonable  to  assume,  how- 
ever, that  these  costs  would  be  relatively  small  for  minor  changes  around  the  plant  such 
as  containment  implementation.  Negligible  costs  were  also  assumed  for  including  oil 
control  procedures  in  staff  training  programs,  and  other  routine  operating  require- 
ments. 

In  addition,  costs  for  the  routine  cleanout  of  recirculation  sumps  should  be  similar  to 
those  for  settling  basins,  reported  at  $2,000/basin/^ear  (Ref.  1).  There  are  five 
recirculation  sumps,  amounting  to  $10,000/year  in  operating  costs.  No  capital  costs 
would  be  incurred. 
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BAT  Option  5 


Description 

BAT  Option  5  consists  of  diverting  flows  from  MISA  Control  Point  CO0200  to  the 
intake  water  pump  house,  where  excess  pumping  capacity  could  be  used  to  recycle 
these  flows.  The  only  capital  costs  associated  with  is  option  would  be  the  piping 
required  to  make  the  appropriate  connections. 

No  net  increase  in  pumping  costs  would  occur  since  less  fresh  water  intake  would  be 
required. 


Performance 

In  addition  to  performance  that  would  be  expected  through  implementation  of  BAT 
Option  4  recommendations,  BAT  Option  5  completely  eliminates  discharges  at  MISA 
Control  Point  CO0200,  for  a  100  percent  reduction  in  loadings  for  that  outfall. 


Costs 

MISA  Control  Point  CO0200  is  approximately  10  m  from  the  intake  water  pump  house. 
Pipings,  fittings  and  necessary  modifications  to  the  pump  house  itself  would  total 
approximately  $15,000  for  the  average  flowrate  of  2,700  m^/d. 


5.0 


SUMMARY  OF  COST  AND  PERFORMANCE  OF  BAT  OPTIONS 


Table  4  presents  a  summary  of  estimated  costs  and  projected  performance  of  imple- 
menting BAT  options  at  Norton  Advanced  Ceramics. 


Table  4 
Summary  of  Cost  and  Performance  of  BAT  Options 

Component 

BAT  Options  1,  2  and  3 

BAT  Option  4 

BAT  Option  5 

...,.;.Cost  ,■.■;,., 

Capital 
Operating 

SO 
SO 

small 
510,000 

515,000 
510,000 

Performance  (Contaminant  Loading  Reduction) 

Oil  and  Grease  (kg/d) 
Total  suspended  solids  (kg/d) 
Aluminum  (kg/d) 

0.0 
0.0 
0.0 

8.1 
69.1 
7.2 

>8.1 
>69.1 

>7.2 

11 
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1.  Inorganic  Chemical  Sector  Plant  Site  Visit  Report  -  Norton  Advanced  Ceramics 
of  Canada  Inc.  March  21,  1991  (unpublished). 

2.  Telephone  contacts  made  to  U.S.  abrasives  manufacturing  facilities  by: 

•  George  Tasevski  of  Exolon-ESK  in  Buffalo,  New  York.  August  1991. 

•  Mark  Rolhns  of  Norton  Company  in  Worcester,  Massachusetts.   August 
1991. 

•  Dean  Venturine  of  Washington  Mills,  Niagara  Falls,  New  York.  August 
1991. 

3.  Telephone  conversation  with  Rick  Chambers  of  Norton  Advanced  Ceramics 
Inc.,  July  1991. 
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APPENDIX 

Tables 


Table  AI ,  Norton  Advanced  Ceramics  of  Canada  Inc.,  Chippawa  Plant 
Summary  of  Rows  and  Priority  One  Pollutants 
MISA  Control  Point  CO0200 
Description:  Combined  Sewer  B 

Contaminant 

Units 

Concentration  over  12  Month 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

880 

3460 

2700 

COD 

mg/L 

17 

21 

19 

56.808 

Nitrate  and  Nitrite 

mg/1 

0.4 

0.4 

0.4 

1.205 

DOC 

mgA. 

0.4 

5.1 

2.2 

5.457 

Total  Phosphorus 

mg/L 

0.01 

4.73 

0.191 

0.188 

Specific  Conductance 

uS/cm 

262 

.     958 

A'^^*^^ 

Total  Suspended  Solids 

mg/L 

2 

,  ^^      18 

45.539 

Aluminum 

ug/L 

30 

^ç^^^^'^^lAS 

2.06 

Boron 

ug/L 

^^ 

\.  K'S^ 

80 

0.199 

Strontium 

ug/L 

10% 

^S>      510 

181 

0.374 

Zinc 

ug/L 

2 

138 

21.6 

0.053 

Mercury 

ug/L 

0.08 

0.69 

0.136 

0 

Chloroform 

ug/L 

0.7 

5.8 

3.25 

0.009 

Methylene  Chloride 

ug/L 

1.9 

11.4 

6.65 

0.019 

Oil  and  Grease 

mg/L 

1 

6 

1.38 

3.278 

Chloride,  Unfittered  Reactive 

mg/L 

17.2 

18.4 

17.8 

53.765 

Ruoride,  Unfittered  Reactive 

mg/L 

0.14 

0.31 

0.225 

0.697 

Sulphate,  Unfiltered  Reactive 

mg/L 

30.7 

39.8 

35.25 

107.214 

Table  A2.  Norton  Advanced  Ceramics  of  Canada  Inc.  Chippawa  Plant 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point  CO0300 
Description:  ComWned  Sewer  C 

Contaminant 

Units 

Concentration  over  12  Month 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

108 

2890 

1930 

Ammonia  Pius  Ammonium 

mg/L 

0.025 

12.9 

0.756 

1.735 

Total  Kjeidahl  Nitrogen 

mg/L 

0.07 

2.45 

0.976 

2.106 

Nitrate  and  Nitrite 

mg/L 

0.2 

0.6 

0.25 

0.487 

DOC 

mg/L 

0.6 

6.7 

2.01 

3.975 

Specific  Conductance 

uS/cm 

310 

•    1300   ,   ^2^-1^8 

Total  Suspended  Solids 

mg/L 

2 

.A^' 

rvj\e.i9 

35.329 

Aluminum 

ug/L 

tl^A 

M'4-.ûA 

V.^*'2150 

4.312 

Boron 

ug/L 

W^oQ^'^QO 

45 

0.088 

Chromium 

ug/L 

2^ 

•^       90.1 

14.8 

0.032 

Copper 

ug/L 

5 

209 

22 

0.038 

Strontium 

ug/L 

141 

1670 

545 

1.199 

Zinc 

ug/L 

2 

217 

26 

0.051 

Oil  and  Grease 

mg/L 

1 

5 

1.43 

2.791 

Chloride.  Unfiltered  Reactive 

mg/L 

20.6 

22 

21.3 

53.441 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.2 

0.21 

0.205 

0.51 

Sulphate,  Unfiltered  Reactive 

mg/L 

24 

760 

239 

531.047 

Table  A3,  Norton  Advanced  Ceramics  of  Canada  Inc.,  Chippawa  Fiant 
Summary  of  Fkjws  and  Priority  One  PoDutants 
MISA  Control  Point:  CO0400 
Description:  Combined  Sewer  D 

Contaminant 

Units 

Concentration  over  12  Month 
Sarnpf ng  Penod 

Loacffng 

Minimum 

Maxinum 

Mean 

Flow 

m3/d 

1370 

4990 

2800 

COD 

mg/L 

15 

25 

20 

71.288 

DOC 

mg/L 

0.8 

4.8 

2.1 

8.154 

Specific  Conductance 

uS/cm 

200 

482 

d-^ 

Total  Suspended  Solids 

mg/L 

2 

'^' 

^^^^3 

42.452 

Aluminum 

ug/L 

90 

,  M9)fW,    \jaMr40 

4.284 

Copper 

ug/L 

^ 

^0^^ 

13 

0.052 

Strontium 

ug/L 

100 

0^^1080 

269 

1.071 

Zinc 

ug/L 

2 

395 

28 

0.117 

Oil  and  Grease 

mg/L 

1 

6 

1.7 

6.798 

Chloride,  Unfiltered  Reactive 

mg/L 

18 

31.9 

25 

80.057 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.17 

0.29 

0.23 

0.741 

Sulphate,  Unfiltered  Reactive 

mg/L 

44 

57.1 

50.6 

167.269 

Table  A4 

Toxicity  Data  for  Norton  Advanced  Ceramics  for  the  First  Six  Months  of 

\QSA  Monitoring  Regulation 

MISA 
Control  Point 

Test  Species 

Range  of  Lethal 
Concentration  Data 

Number  of  Non- 
Lethal  Samples 

CO0200 

Rainbow  trout 
Daptinia  magna 

>100%  to  non-lethal 

6 

4 

CO0300 

Rainbow  trout 
Daptinia  magna 

75%  to  non-lethal 
45.1%  to  non-lethal 

5 
2 

CO0400 

Rainbow  trout 
Daphnia  magna 

>1(X)%  to  non-lethal 
>100% 

3 
0 

Table  A5,  Norton  Advanced  Ceramics  of  Canada  Inc., 

Chippawa  Plant 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  IN0800 
Description:  Intake  Water,  Welland  River 

Contaminant 

Units 

Concantration  over  12  Month 
Samping  Period 

Minimum 

ft4axjmum 

Mean 

Total  Kjeldahl  Nitrogen 

mg/L 

0.05 

5.75 

0.622 

Nitrate  and  Nitrrte 

mg/L 

0.2 

0.6 

0.239 

DOC 

mg/L 

q^fi-      4.4 

2.098 

Total  Phosphorus 

mg/L 

,n^^^°>' 

>,.     0.602 

0.049 

Specific  Conductance 

uS/c«;j 

^^y^ 

334 

295 

Total  Suspended  Solids                    . 

rjpg^-"' 

'^^       2 

113 

10 

Aluminum                                        ^ 

^ 

30 

1520 

311 

Strontium 

ug/L 

70 

630 

178 

Zinc 

ug/L 

2 

493 

22 

Oil  and  Grease 

mg/L 

1 

5 

1.36 

Chloride,  Unfiltered  Reactive 

mg/L 

14.7 

16.1 

15.4 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.13 

0.21 

0.17 

Sulphate,  Unfiltered  Reactive 

mg/L 

18.2 

282 
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APPENDIX  18 
Partek  Insulations  Ltd. 


INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

PARTEK  INSULATIONS  LTD. 


1.0  PLANT  DESCRIPTION 

Partek  Insulations  Ltd.  in  Sarnia,  Ontario  manufactures  fibre  insulation  in  a  process 
which  melts  raw  materials  dolomite,  slag,  coke  and  basalt  rock  into  a  molten  mixture. 
The  mixture  is  blown  into  fibres,  formed  and  phenolic  resin  binder  added,  and  then 
fired  to  cure  the  binder.  A  pipe  machine  forms  and  cuts  a  portion  of  the  mineral  wool 
to  produce  pipe  insulation. 

Intake  water  supplied  from  the  City  of  Sarnia  is  used  at  the  plant  for  contact  cooling, 
washing,  dust  suppression  of  raw  materials,  in  solutions  for  binding  and  impregnating 
and  as  once  through  cooling  water. 

Details  on  the  plant  processes  and  wastewater  management  are  provided  in  the  site 
visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALFIY 

2.1  Sources 

Wastewater  generated  in  the  mineral  wool  production  process,  including  contact  cooling 
water,  binder  room  and  raw  materials  wash  water,  as  well  as  storm  water  runoff  from 
raw  materials  storage  areas,  are  all  recycled  back  into  the  process.  The  recycle  system 
includes  a  main  underground  recycle  sump  and  an  outdoor  collection  pond,  which  dis- 
charges to  the  sump.  Process  wastewaters  are  eventually  consumed  in  the  binder  and 
therefore,  not  discharged  from  the  site. 

Once  through  non-contact  cooling  water  used  to  cool  the  pipe  machines,  discharged  at 
a  rate  of  31  m^d,  was  monitored  at  MISA  Control  Point  OT0300  during  the  MISA 
Monitoring  Regulation  period.  Storm  water  runoff  from  non-production  areas  of  the 
site  were  also  monitored  at  STOIOO,  ST0200  and  ST0400. 


2.2  Wastewater  Flows  and  Quality 

Table  Al  in  the  Appendix  presents  mean,  maximum  and  minimum  flow  and  water 
quality  data  for  those  contaminants  measured  during  the  12  months  of  MISA  monitor- 
ing at  OT0300  identified  as  "Priority  1"  by  the  Ministry  of  the  Enviroimaent. 
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3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  runoff^  were  considered  for 
each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5        -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on 
technologies,  or  cross-over  technologies  from  other  industrial 
sectors,  which  will  advance  the  Ontario  plant  the  furthest  toward 
virtual  elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  is  addressed  the  following  discussion. 


BAT  Option  1 

Toxicity  data  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Monitoring  Regulation  period,  by  the  Ministry  of  the  Environment  for  samples  taken  at 
Control  Point  OT0300,  are  presented  in  Appendix  Table  A2.  Test  results  indicated 
that  all  effluents  were  lethal  to  rainbow  trout  and  Daphnia  magna. 


Stonn  water  ruaoCF  quality  limits  will  be  esublished  separately  under  MISA,  in  conjunction  with  a  program  to  condua  a 
Storm  Water  Control  Study  at  each  site. 
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Examination  of  the  "Priority  1"  contaminants  presented  in  Appendix  Table  Al,  reveals 
no  obvious  source  of  toxicity.  The  likely  source  of  toxicity  is  residual  chlorine. 
Although  no  monitoring  of  total  residual  chlorine  was  carried  out  under  the  MISA 
program,  it  is  reasonable  to  assume  that  residual  chlorine  from  the  municipal  supply  is 
still  present  at  the  plant  intake  and  in  the  once  through  non-contact  cooling  water 
effluent. 

Rather  than  implementing  end-of-pipe  dechlorination  for  the  once  through  cooling 
water  discharges,  reuse  of  the  once  through  cooling  water  effluent  as  supplemental 
cupola  cooling  water  is  recommended.  This  modification  would  eliminate  discharges 
through  MISA  Control  Point  OT0300. 

Therefore,  BAT  Option  1  entails  using  once  through  cooling  water  effluent  to 
supplement  cupola  receiving  water.  The  once  through  cooling  water  will  required 
softening  before  it  is  used  for  cupola  cooling. 


BAT  Option  2 

The  U.S.  Federal  Register  has  not  defined  BAT  applicable  to  mineral  wool  fibre 
manufacturing.  However,  glass  fibre  manufacturing,  which  incorporates  similar 
technology  with  different  raw  materials  was  covered  in  the  Federal  Register  40  CFR 
Part  426,  Subpart  A  Insulation  Fibreglass  Subcategory.  BAT  defined  by  the  U.S.  EPA 
for  this  category  was  "no  discharge  of  process  wastewater  pollutants  to  navigable 
waters".  Their  definition  of  wastewater  does  not  include  non-contact  cooling  water  or 
runoff.  Therefore,  the  existing  system  at  Partek  incorporates  U.S.  BAT  and  is 
therefore,  considered  to  be  BAT  Option  2. 


BAT  Option  3 

Partek  Insulations  is  the  only  direct  discharging  mineral  wool  or  glass  fibre  insulation 
producer  in  Ontario.  Thus,  BAT  Option  3  is  defined  as  the  existing  wastewater 
management  system. 


BAT  Option  4 

A  BAT  Option  4,  that  demonstrates  maximum  pollutant  reduction,  was  identified  as  the 
existing  system.  Pollutants  in  process  waters  are  not  added  to  the  system,  as  they  are 
recycled  back  into  the  process.  Opportunities  for  addition  of  pollutants  in  once 
through  cooling  water  operations  do  not  exist,  and  this  is  supported  by  the  data  in 
Table  Al.  "Priority  1"  contaminants  in  this  stream  are  not  associated  with  the  raw 
materials  or  products  at  the  plant,  and  are  most  likely  originating  in  the  intake  water 
source. 
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Technologies  for  the  removal  of  low  levels  of  these  contaminants  may  be  available  and 
have  been  used  in  specific  non-industrial  applications  (e.g.  drinking  water  treatment). 
However,  an  exhaustive,  global  search  carried  out  as  part  of  this  study  did  not  identify 
practical  applications  of  these  technologies  to  treating  industrial  wastewater  effluents 
with  similar  contaminant  concentrations.  Thus,  BAT  Option  4  does  not  include 
technologies  for  removal  of  these  contaminants. 


BAT  Option  5 

Finally,  a  BAT  Option  5  that  would  advance  the  plant  furthest  toward  zero-discharge 
incorporates  those  technologies  already  existing  at  the  plant,  which  result  in  zero 
discharge  of  process  wastewaters.  In  addition,  reuse  of  the  once  through  cooling  water 
effluent  as  make-up  to  the  intake  water  that  is  softened  for  use  in  the  cupola  unit 
would  eliminate  discharges  through  MISA  Control  Point  OT0300  as  presented  in  the 
discussion  of  BAT  Option  1. 


Summary 

Table  1  presents  a  summary  of  BAT  Options  for  Partek  Insulations  Ltd. 


Table  1 
Summaiy  of  BAT  Options  for  Partek  Insulations  Ltd. 

BAT  Opttoa 

DeflniUon 

Description 

1 

Least  cost  producing  non-lethal 
effluents 

Reuse  once  through  cooling  water  discharges  to  supplement  intake 
water  volume  to  water  softener. 

2 

U.S.  BAT 

No  change  to  existing  system. 

3 

Best  demonstrated  in  Ontario 

No  change  to  existing  system. 

4 

Maximum  pollutant  reduction 

No  change  to  existing  system. 

' 

Furthest  toward  zero  discharge 
of  pollutants 

Same  as  BAT  Option  1. 

4.0 


BAT  OPTIONS 


BAT  Options  2  to  4  were  identified  as  no  changes  to  the  existing  system.  Option  1  and 
5  are  identical,  and  are  described  below. 
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4.1 


BAT  Option  1  and  5 


BAT  Option  1  and  5  includes  the  existing  technologies  for  zero-discharge  of  process 
wastewater  and  incorporates  collection  and  recycle  of  once  through  cooling  water.  The 
system  would  involve  a  concrete  sump  for  collection  with  alternating  submersible 
pumps  that  would  discharge  water  to  the  water  softener  influent  stream  to  maintain  the 
desired  rate  of  softened  water.  Overflow  from  the  sump  during  softener  shut  down  (i.e. 
regeneration),  would  be  directed  to  the  recycle  pit.  This  small  volume  of  water  is  not 
projected  to  cause  a  signiJBcant  problem  in  the  wastewater  system  water  balance. 
Figure  Al  presents  a  flow  schematic  of  the  system. 

Estimated  design  parameters  of  the  system  are  presented  in  Table  2. 

Operating  costs  of  the  system  would  be  negligible.  However,  there  would  be  a  savings 
due  to  reduced  municipal  water  use. 


Table  2 
Design  Parameters  for  BAT  Options  1  and  5^ 

Component 

Description 

Pumps 

Discharge  Piping 
Sump 

2@  0.4  Us 

75  m  @  19  mm  (3/4")  copper  piping 

2  h  retention  time  (2.3  m-^) 

Notes: 

1.          Based  on  data  provided  in  Ref.  1. 

Performance 

If  the  cooling  water  reuse  system  were  implemented  at  Partek,  zero-discharge  of 
contaminants  in  cooling  water  would  be  achieved.  Loading  reduction  achievable  for 
Priority  1  contaminants  are  presented  in  Table  3. 


Costs 

Estimated  system  costs  were  calculated  from  information  in  the  Generic  Technology 
Report  for  pumping  stations  (Ref.  2)  and  in-house  information  and  are  presented 
below: 

Sump  $10,000 

•  Equipment,  including  pumps,  piping,  valves  and  switches  $15,000 
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Total  (including  35%  installation,  30%  estimating 

contingency,  15%  engineering  and  7%  G.S.T.,  ENR  CCI^  6343).  $25,000 


Table  3 

Flow  and  Priority  1  Contaminant  Loading  Reduction  Achievable 

With  BAT  Option  1  and  5 

Paiameter 

CnTTent  Loadlnt;^ 

LoMUag  With  BAT  OpUoo  S 

Flow 

DOC 

Oil  and  Grease 

Sulphate 

30.9  m3/d 
0.04  kg/d 
0.06  kg/d 
0.54  kg/d 

0.0  m^/d 
0.0  kg/d 
0.0  kg/d     , 
0.0  kg/d 

Notes; 

1.              Based  on  12  months  of  MISA  Monitoring  Regulation  data  at  Control  Point  OT0300. 

Operating  cost  savings  are  estimated  to  be  $3,700  per  year  based  on  a  municipal  water 
cost  of  $0.50  per  m^. 


5.0 


SUMMARY  OF  BAT  OPTIONS 


Table  4  presents  a  summary  of  costs  and  performance  of  BAT  Options  recommended 
for  Partek. 


Table  4 
Summary  of  Cost  and  Performance  of  BAT  Options 

CotnpoDcnt 

EsUmatcd  Resolt 

BAT  OptioBS  2.  3  and  4 

BAT  OpUoDS  t  and  5 

Cost 

•  Capital 

•  Operating  œst 

0 
0 

$25,000 
-$3,700  (savings) 

Performance  : 

DOC  Loading 
Oil  &  Grease  Loading 
•              Sulphate  Loading 

0.04  kg/d 
0.055  kg/d 
0.539  kg/d 

Okg/d 
Okg/d 
Okg/d 

Notes: 

1.              Total  plant  efQuent  (excluding  storm  water)  contaminant  loading  for  Trioiity  1"  pollutants,  measured  at  MISA 
Control  Point  OT0300. 

Engineering  News  Record  Construction  Cost  Index 
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6.0  OTHER  WATER  MANAGEMENT  ISSUES 

Storm  water  from  contaminated  site  areas  that  is  recycled  into  the  process  is  currently 
collected  in  an  unlined  pond  of  native  (clay)  materials,  without  berms.  Pond  contents 
contain  high  fibre  and  phenols  levels. 

Although  the  plant  has  not  detected  groundwater  or  soil  contamination  as  a  result  of 
site  monitoring,  the  risk  of  environmental  contamination  cannot  be  defined.  Current 
accepted  practice  for  wastewater  pond  systems  incorporate  virtually  impermeable  pond 
linings,  as  well  as  berms,  to  protect  the  surrounding  environment  from  the  pond 
contents.  Lining  and  provision  of  berms  on  the  existing  pond  at  Partek  should  be 
included  in  a  comprehensive  wastewater  management  plan  for  the  site. 

Storm  water  from  non-process  areas  at  the  site  has  significant  levels  of  TSS  as  well  as 
phenolics.  A  Storm  Water  Control  Study  should  also  be  undertaken  at  the  site  to 
establish  the  source  of  contamination  and  to  define  a  program  for  minimizing  the 
contaminants  in  storm  water  discharges. 


7.0       REFERENCES 
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3.  General  Technology  Report  -  Pond  Linings. 
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APPENDIX 
Tables  and  Figure 


Table  AI .  PARTEK  Insulations  1  tri.,  Samia  Plant 

Summary  of  Flows  and  Priority  One  Pollutants 

Control  Point:  OT0300 

Descnption:  Once  through  cooDng  water  from  pipe  machines. 

Contaminant 

Units 

Concentration  oven^^JOtonth 

Loading 
(kg/d) 

Minimum 

4y«^ftfkj(5>P*Mean 

Flow 

m3/d 

27.3i>>.o2>^38 

30.9 

DOC 

mg/L 

^S>Ô5,5  ^'   1-88 

1.3 

0.04 

Specific  Conductarx:e 

uS/cm 

2# 

247 

223 

Oil  and  Grease 

mg/L 

0.89 

3.1 

1.73 

0.055 

Sulphate,  Unfiltered  Reactive 

mg/L 

17.9 

20.7 

19.3 

0.539 

Table  A2 

Toxicity  Data  for  Partek  Insulations  Ltd.  (OT0300)  for  the  First  Six  Months  of 

MISA  Monitoring  Regulation 

Test  Species 

Number  of 
Samples 

Kange  of  Lethal 
Coacentratioa  Data 

Number  of  Non-lethal 
Samples 

Rainbow  trout 
Daphnia  magna 

2 
2 

51.1%  to  77.4% 
19.67%  to  33.5% 

none 
none 

Partek 
Samia 


CONCENTRATIONS 

LOADINGS   kg/d 

ATG 

PARAMETER 

RMOL 

UNIT 

OT0300 

OT0300 

c 

Total  suspended  solids 

5 

mg/L 

1.08 

0.034 

c 

Hydrogen  ion  (pH) 

7.27 

c 

Specific  conductance 

uS/cm 

224 

c 

DOC 

0.5 

mg/L 

1.31 

0.041 

c 

TOC 

5 

mg/L 

72 

2.02 

c 

Ammonia  +  Ammonium 

0.25 

mg/L 

c 

Nitrate  +  Nitrite 

0.25 

mg/L 

e 

Total  IQeldahl  nitrogen 

0.5 

mg/L 

c 

Oil  and  grease 

1 

mg/L 

1.82 

0.058 

c 

Total  phosphorus 

0.1 

mg/L 

0.068 

0.002 

98 

Ftflowr 

m3/d 

31.1 

13 

Sulphate 

5 

mg/L 

19.3 

0.541 

Notes: 


OT0300  is  the  'Cooling  Water  Overflow  Effluent". 
This  effluent  eventually  reaches  the  St.  Clair  River. 


OMCETtmOUGH 

COOUNG  WATER 


Î 


OVERFLOW  TO 
PROCESS 

WASTEWATER 

RECYCLE 

SUMP 


Figure  Al 

SCHEMATIC  OF 

BAT  OPTIONS  1  AND  5  FOR 

REUSE  OF  ONCE  THROUGH  COOLING  WATER 


APPENDIX  19 
Puritan  Bennett 


INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

PURITAN-BENNETT  MATTLAND  PLANT 


1.0  PLANT  DESCRIPTION 

Puritan-Bennett  Maitland  plant  is  located  outside  of  Maitland,  Ontario  adjacent  to  the 
St.  Lawrence  River.  The  plant  manufactures  nitrous  oxide  for  medical  use  as  well  as 
other  applications  such  as  automotive  air  bags  and  as  a  frothing  agent  for  whipped 
cream. 

Raw  water  is  provided  from  an  onsite  well  that  was  monitored  under  the  MISA  Moni- 
toring Regulation  at  Control  Point  IN0300.  Only  once  through  non-contact  cooling 
water  and  storm  water  are  discharged  from  the  plant  site  through  Control  Point 
OTOIOO.  Other  process  effluents  generated  at  the  plant  are  pumped  offsite  to  Nitro- 
chem  Inc.  for  treatment. 

Details  of  the  plant  processes  and  wastewater  management  are  presented  in  the  site 
visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Sources 

The  sources  and  destination  of  wastewater  discharges  from  the  Puritan-Bennett  plant 
are  listed  in  Table  1. 

All  domestic  wastewater  is  conveyed  via  a  sanitary  collector  system  to  an  onsite  septic 
system. 

Only  once  through  non-contact  cooling  water  is  discharged  directly  from  the  Puritan- 
Beimett  site.  All  process  or  process  related  wastewaters  are  discharged  to  Nitrochem 
Inc.  for  recovery  and  treatment. 

2.2  Wastewater  Flows  and  Quality 

Appendix  Table  Al  presents  the  average,  maximum  and  minimum  flow  and  concentra- 
tion data  for  those  contaminants  defined  by  the  Ministry  of  the  Environment  as  "Prior- 
ity 1"  for  MISA  Control  Point  OTOIOO  at  Puritan-Bennett. 

Table  A2  presents  data  from  the  12  month  monitoring  period  for  the  intake  water 
measured  at  IN0300. 


TOR/INORG3y996^1 


Table  1 
Wastewater  Sources  at  Puritan  Bennett 

Source 

Trpe 

DcstinatioD 

Cooliog  Tower 

Slowdown 

Nitrochem 

Reactor 

Wash  Water 

Nitrochem 

After  Reaaor  Cooling 

Condensate 

Nitrochem 

Floor  Drains 

Wash  Water 

Nitrochem 

PuriGcation  Column 

Oxalic  Acid  Wash  Water 

Nitrochem 

Second  Wash  Water  Flush 

Nitrochem 

First  Stage  Compressor 

Condensate 

Nitrochem 

OTCW 

Wells  Creek  Via  Control  Point  OTOIOO 

Second  Stage  Compressor 

Condensate 

Nitrochem 

OTCW 

Wells  Creek  Via  Control  Point  OTOIOO 

Final  Compression 

OTCW 

Wells  Creek  Via  Control  Point  OTOIOO 

Note 

OTCW     -               Once  through  non-coniaa  cooling  water. 

3.0 


RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 


In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  runoff^  were  considered  for 
each  Ontario  Inorganic  Chemical  Sector  plant: 


Option  1 
Option  2 


A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 
trout  and  Daphnia  magna. 

A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 
ities in  the  U.S. 


Storm  water  runoff  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct 
a  Storm  Water  Control  Study  at  each  site. 
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Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5        -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  discussion. 


BAT  Option  1 

Toxicity  data  were  not  available  for  effluents  discharged  from  Control  Points  OTOIOO 
(cooling  water  discharge)  at  the  time  of  report  preparation.  However,  given  the  con- 
centrations of  ammonia  in  both  the  raw  water  and  cooling  water  discharge,  it  is  reason- 
able to  believe  that  the  raw  water  is  contaminated  and  that  both  raw  water  and  cooling 
water  effluent  would  be  potentially  toxic  to  trout  and  Daphnia  magna. 

The  simplest  means  of  addressing  the  cooling  water  contamination  would  be  the  use  of 
an  alternative  supply.  Nitrochem  Inc.  has  already  established  a  river  intake  and  pump- 
ing station  which  should  be  able  to  be  adapted  for  Puritan-Bennett's  use.  However, 
Puritan-Bennett  staff  have  indicated  it  is  not  feasible  to  employ  St.  Lawrence  River 
water  for  cooling  because  of  temperature  requirements.  Refrigeration  of  this  raw  water 
source  may  be  feasible.  However,  information  was  not  available  at  the  time  of  report 
preparation  to  establish  heat  and  reconfiguration  requirements  to  evaluate  the  feasibil- 
ity or  develop  a  cost  estimate  for  refrigeration  of  Nitrochem's  water.  Therefore,  the 
alternative  that  must  be  considered  is  the  treatment  of  the  cooling  water  effluent  for 
nitrogen  removal. 

Accordingly,  BAT  Option  1  is  defined  as  implementation  of  a  treatment  system  for 
ammonia  reduction. 


BAT  Option  2 

Under  CFR  Part  415  of  the  U.S.  Federal  Register  (July  1,  1989  Edition)  effluent  limita- 
tions were  not  defined  for  nitrous  oxide  facihties.  Therefore,  a  BAT  Option  2  incor- 
porating technologies  selected  by  the  U.S.  EPA  for  comparable  facilities  was  not  identi- 
fied. 
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BAT  Option  3 

Puritan-Bennett  is  the  only  producer  of  nitrous  oxide  in  Ontario.  Thus,  BAT  Option  3 
was  defined  as  the  existing  system  in  use  at  the  Puritan-Bennett,  Maitland  plant. 


BAT  Option  4 

Review  of  the  raw  water  and  cooling  water  quality  data  shows  that  with  the  exception 
a  small  concentration  of  total  phosphorus,  all  contaminants  are  present  in  the  raw 
water  and  cooling  water  at  comparable  concentrations. 

As  already  noted  under  BAT  Option  1,  the  most  practical  means  of  reducing  ammonia 
and  other  loadings  would  be  the  use  of  alternative  raw  water  supply.  However,  since 
Puritan-Bennett  has  already  determined  that  this  is  not  feasible,  biological  nitrogen 
removal  should  be  considered.  This  Option  is  discussed  in  detail  in  Section  4.0. 

Thus,  BAT  Option  4  includes  implementing  biological  nitrogen  removal  technologies. 


BAT  Option  5 

Technologies  that  would  advance  the  plant  further  toward  zero-discharge  of  pollutants 
were  not  identified  in  a  global  search.  Cooling  water  provided  by  once  through  or 
recirculating  cooling  tower  systems  are  invariably  used  to  cool  process  equipment  in 
industrial  gas  manufacturing.  Other  cooling  methods,  such  as  closed  loop  air  systems, 
would  require  very  large  capital  expenditures  and  land  area  for  expansive  heat 
exchange  equipment  requirements,  and  would  not  be  effective  in  wEirmer  months  in 
Ontario.  Thus,  this  approach  to  cooling  is  not  used  in  the  industry. 

And  finally,  opportunities  for  consumption  of  cooling  water,  condensate  or  wash  water 
do  not  exist  in  the  manufacture  of  nitrous  oxide.  Therefore,  the  recommendation  for 
BAT  Option  5  is  the  system  as  defined  in  BAT  Option  4,  since  technologies  that  fur- 
ther the  plant  more  toward  zero  discharge  of  contaminants  were  not  identified. 


Summary 

Table  2  presents  a  summary  of  BAT  Options  identified  for  the  Puritan-Bennett, 
Maitland  plant. 
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Table  2 
Summary  of  BAT  Options  for  Puritan  Bennett 

BAT  OpUon 

DeflniUoo 

Dcsoiptioa                              1 

1 

Least  cost  producing  aoa-toxic  eCDuents. 

Nitrificaiion/deaitrifjcation  of  final  effluent. 

2 

U^.  BAT. 

No  VS.  BAT  defined. 

3 

Best  demonstrated  in  Ontario. 

No  changes  to  existing  system. 

4 

Maximum  reduction  of  poUuunls. 

Nitrification/denithfication  of  final  efOuent 
and  control  oil  and  grease  contamination  at 
source. 

5 

Furthest  toward  zero-discharge  of  pollutants. 

No  changes  to  existing  system. 

4.0 


BAT  OPTIONS 


BAT  Options  2  and  3  do  not  incorporate  changes  to  the  existing  wastewater  manage- 
ment system  at  Puritan-Bennett.  Technologies  recommended  for  BAT  Options  1,  4 
and  5  are  discussed  below. 


4.1 


BAT  Options  1,  4  and  5 


BAT  Options  1,  4  and  5  entail  implementing  a  system  to  remove  anmionia  from  the 
cooling  water  prior  to  discharge.  A  biological  nitrification/denitrification  reactor  is  the 
preferred  technology  at  the  ammonia  concentrations  presently  occurring  in  the  Puritan- 
Bennett  effluent.  A  denitrification  step  has  been  included  to  ensure  minimization  of 
nitrate  loadings. 

The  recommended  system  is  comprised  of  biological  fluidized  bed  reactor  using  pure 
oxygen.  The  system  is  described  in  detail  in  the  General  Technology  Report  for  Bio- 
logical Nitrogen  Removal  (Ref.  3).  Table  3  presents  typical  system  design  parameters 
while  Appendix  Figure  Al  presents  a  system  schematic. 

The  implementation  of  a  biological  treatment  system  on  the  Puritan-Bermett  property 
should  take  into  consideration  two  additional  factors.  Firstly,  BAT  option  recom- 
mendations for  Nitrochem  Inc.  include  a  biological  nitrogen  removal  system.  The 
Nitrochem  and  Puritan-Bermett  effluents  could  be  consolidated  and  treated  through  a 
single  facility.  This  would  result  in  economies  of  scale  for  construction.  A  second  fac- 
tor possibly  influencing  the  implementation  of  a  treatment  system  relates  to  the  declin- 
ing ammonia  concentrations  in  the  groundwater  supply.  Puritan-Bermett  have  indicated 
that  concentrations  have  declined  from  about  3,000  mg/L  of  ammonia  to  the  current 
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Table  3 
Design  Parameters  for  Nitriiication-Denitrifîcation  Using  Fluidized  Bed  System^ 

Syslcm 

Panmcicr 

ValM 

Aerobic  aitriCcatioa  reactor 

HRT 

SRT 

Recycle  railo 

Biomass  coaceniralion 

Typical  NH3-N  loading 

Theoretical  O2  requiremenl 

14  h 
70  d 

50% 

15  g  VSS/L 

0.01-0.03  g/g  VS/d 

42  mg  Oj/mg  NH3-N 

Anoxic  denitnflcaiion  reactor 

HRT 
SRT 

Recycle  ratio 
Biomass  concentration 

2h 
10  d 

8:1 

25  g  VSS/L 

Noies: 

1.              Based  on  pilot  scale  design  for  treating  coke  plant  wastewaters  (Rcf.  3). 

50-60  mg/L  during  a  period  of  about  five  years.  Their  contention  is  that  further  pump- 
ing of  the  groundwater  supply  would  eventually  reduce  or  eliminate  contamination. 
The  anticipated  decline  in  concentration  should  be  verified  and  any  treatment  strategy 
reviewed  in  light  of  the  projections. 


Performance 

The  implementation  of  BAT  Options  1,  4  or  5  would  result  in  a  non-lethal  cooling 
water  discharge,  and  a  reduction  in  ammonia-N,  and  TKN  as  presented  in  Table  4. 


Table  4 

Projected  Performance  of  Implementing  Fluidized  Bed  Nitrification» 

Denitrification  System 

Omtamixumt 

FSrteH»^ 

Projected^ 

Mean  CoDcenlraUiHi 

Average  rnarfing 

Mean  Cooceniralloa 

(mg/L) 

Average  Loading 

Ammonia  plus  ammonium  (N) 
Total  kjeldahl  nitrogen 
Nitrate  +  Nitrite  (N) 

58.5 
61.8 
51.7 

8.72 
9.05 
6.99 

<  2 

<  8 
<5 

<  03 

<  1.2 
<0.7 

1  Notes: 

1  1.              Ref.  3. 
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Costs 

The  order-of-magnitude  capital  cost  for  implementation  of  the  system  is  $1,600,000 
(ENR  CCI  6343^)  (Réf.  3).  This  cost  includes: 

•  Equipment,  instrumentation  and  engineering  for  two  9.8  x  6.1  m  nitrifica- 
tion reactors,  two  2.4  x  4.3  m  denitrification  reactors  and  7.6  m  diameter 
clarifier  with  polymer  system. 

•  Concrete  reactors,  oxygenator  pits,  pump  sumps  and  7.6  m  diameter  x  3.7 
m  SWD  clarifier  basin. 

•  Pumps  and  prefabricated  pump  rooms.- 

•  Piping  and  valves  (erected  basis). 

•  Installation  of  equipment,  motor  control  centre,  power  wiring,  site  work. 

•  Thirty-five  percent  installation,  30  percent  contingency  allowance,  15 
percent  engineering  and  seven  percent  G.S.T. 

The  operating  costs  amount  to  $52,500  ($1991),  which  includes  the  purchasing  of  bulk 
liquid  oxygen,  electricity,  chemicals  for  pH  adjustment,  methanol  requirements,  and 
sludge  disposal  costs.  These  costs  do  not  include  the  cost  of  labour. 

5.0  SUMMARY  OF  COST  AND  PERFORMANCE  OF  BAT  OPTIONS 

Table  5  summarizes  the  costs  and  performance  of  BAT  Options  at  Puritan-Bennett. 

6.0       INFORMATION  SOURCES 

1.  Inorganic  Chemical  Sector  Plants  Site  Visit  Report  -  Puritan-Bennett  Canada 
Ltd.  April  25,  1991.  (unpubUshed). 

2.  Twelve  month  MISA  Monitoring  Regulation  data  summary  for  Nitrochem  Inc. 

3.  General  Technology  Report,  Biological  Nitrogen  Removal. 


Engineering  News  Record  Cost  of  Construction  Index. 

7 
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Table  5 
Summary  of  Cost  and  Performance  of  BAT  Options 

Compooeot 

BATOpUonl 

BATOpUou  2,3aiid5 

BAT  Opttoa  4             { 

Capital 
Operating 

$1,600,000 
$52^00 

0 
0 

$1,600,000-)- 
$52^00-1- 

Parameter 

Perfomuuice  •  Appnudmalc  fn«Hlnt  Redaction  (It^d) 

Ammonia  plus  Ammonium(N) 
Total  Kjeldahl  Nitrogen 
Nitrate  &  Nitrite(N) 

>8.42 

>  7.85 

>  6_29 

0 
0 
0 

>8.42 
>7^ 
>6:29 
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APPENDIX 
Tables  and  Figure 


Table  AI .  Puritan-Bennett  Canada  Ltd. 
Summaiy  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  OT01 00 
Description:  Once  through  non-contact  cooEng  water 

Contaminant 

Units 

Concentration  over  12  Month 
SampSng  PeriocJ^ 

Loading 
(kg/d) 

Minimum 

Maximum  ^%ean 

Flow 

m3/d 

23.6 

.^^ 

vft.     221 

Ammonia  plus  Ammonium 

mg/L 

40 

vA^\a^^      58.5 

8.72 

Total  Kjeldahl  Nitrogen 

mg/L 

4ai>'.<<8^.9 

61.8 

9.05 

Nitrate  +  Nitrite 

mg/L 

<'Q50^B  ^'    107 

51.7 

6.99 

DOC 

mg/L 

^ 

3.5 

2.54 

0.395 

Total  Phosphorus 

mg/L 

0.09 

0.22 

0.114 

0.014 

Specific  Conductance 

uS/cm 

1020 

1460 

1160 

Oil  and  Grease 

mg/L 

0.8 

1000 

183 

65.1 

Table  A2,  Puritan-Bennett  Canada  Ltd. 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  INOSOO 
Description:  Intake  water 

Contaminant 

Units 

Concentration  over  12  Month 
Samplng  Period 

Loafing 

Minimum 

Maximum 

^0*^ean 

Flow 

m3/d 

255 

^      255 

Ammonia  plus  Ammonium 

mg/L 

51 

.K<^ 

^'       53 

14 

Total  Kjeidahl  Nitrogen 

mg/L 

52 

^^\^ 

55- 

14 

Nitrate  +  Nitrite 

mg/L 

28.3^] 

^  <#44 

34.4 

7.91 

DOC 

mg/L 

Vè^4^&        4.89 

3.56 

1.25 

Specific  Conductance 

uS/cm 

1030^ 

1150 

1070 

si 

n    LU 
-J    ? 

o  ^ 

°2  O 
Q  QC 

Lu    K 

5  ®  § 

sSg 
■^§§ 

^  Uj 

Uj   >• 
S   ^ 

S  ^ 

CO   U4 

la 


Puritan -Bennett 
Martland 


CONCEKrmATlONS 

LOADINGS  kg^d 

ATG 

PARAMETER 

RMDL 

UNIT 

OT0100 

IN  0300 

OT0100 

IN  0300 

c 

TotaJ  suspended  solids 

5 

mg/L 

2.66 

3 

0.718 

0.81 

c 

Hydrogen  ion  (pH) 

7.98 

8.09 

c 

SpeciTic  conductance 

uS/cm 

1160 

1070 

c 

DOC 

0.5 

mg/L 

2.55 

3.56 

0.689 

0.961 

c 

TOC 

5 

mg/L 

4.4 

3.4 

1.19 

0.918 

c 

Oil  and  grease 

1 

mg/L 

0.945 

0.95 

0.255 

0.257 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

58.5 

53.3 

15.8 

14.4 

c 

Nrtrate+NHrite 

0.25 

mg/L 

51.7 

34.4 

14 

9.29 

c 

Total  Kjeldahl  nitrogen 

0.5 

mg/L 

61.8 

55 

16.7 

14.9 

c 

Total  phosphorus 

0.1 

mg/L 

0.114 

0.093 

0.031 

0.025 

98 

Ftflow 

m3/d 

270 

Notes: 


OT0100  is  the  "Effluent  to  Creek"  which  is  discharged  into  the  St.  Lawrence  River. 


APPENDIX  20 
UCAR  Carbon  Canada  Inc. 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

UCAR  CARBON  CANADA  INC. 

1.0  PLANT  DESCRIPTION 

The  UCAR  Carbon  Canada  plant  in  Welland,  currently  produces  graphite  and  carbon 
electrodes,  and  carbon  cathode  blocks. 

The  manufacture  of  graphite  electrodes  requires  six  process  stages  including:  forming, 
baking,  pitch  impregnation,  pitch  bakeout,  graphitizing  and  machining,  to  transform  the 
semi-plastic  mixture  of  calcined  petroleum  coke  and  coal  tar  pitch  binder  into  crystal- 
line graphite.  The  manufacture  of  carbon  electrodes  and  cathodes  involves;  forming, 
baking  and  machining  to  transform  the  semi-plastic  mixture  of  calcined  anthracite  coal 
and  coal  tar  pitch  binder  into  a  homogenous  amorphous  mass,  ready  for  use. 

Intake  water  supplied  by  the  City  of  Welland  is  used  as  non-contact  cooling  water  in 
three  cooling  tower  systems,  and  for  contact  cooling  water  in  coke  and  coal  forming. 
All  the  water  supplied  by  the  City  of  Welland  is  discharged  to  the  sanitary  sewer  sys- 
tem. The  Old  Welland  Canal  intake  water,  pumped  at  a  rate  of  12,000  m^/d,  is  period- 
ically shock  chlorinated  for  zebra  mussel  control.  Old  Welland  Canal  water  is  used 
primarily  for  boiler  make-up  water  and  is  also  used  as  once  through  non-contact  cool- 
ing water  and  for  contact  lubrication  water  in  the  diamond  saw  operation. 

Details  on  the  plant  processes  and  wastewater  management  are  provided  in  the  site 
visit  report  (Ref.  1). 

2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Sources 

All  sanitary  waste,  cooling  tower  and  boiler  blowdown,  overflow  from  the  diamond  saw 
recirculation/settling  sump  and  contact  cooling  water  used  in  coal  and  coke  forming  is 
discharged  to  the  sanitary  sewer  system  to  be  treated  at  the  City  of  Welland  municipal 
water  pollution  control  plant.  Once  through  non-contact  cooling  water  from  the  Old 
Welland  Canal  is  discharged  directly. 

Table  1  presents  a  summary  of  the  UCAR  wastewater  sources  and  the  flows  in  relation 
to  the  MISA  Control  Points. 
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Table  1 
Summary  of  UCAR  Wastewater  Sources  at  MISA  Control  Points 

-    Sauce 

MISA  Contrat  PolBt 

Flotr  (m^/d) 

Non-coniact  cooliog  water  -  Air  Compresson 

Storm  water 

•     Drainage  from  enclosed  storage  buildings  in  southwest  corner  of  plant 
site 

OTOIOO  (#2  Weir) 

592 

Groundwater  from  Baking  Kilns  Buildings  -  North  side 
Storm  water  from  northern  areas  of  plant  site 

CO0200  (Govenunent 
Dock  Weir) 

20.7 

Non-contact  cooling  water  -  Jar  Moulding 
Non-contaa  cooling  water  -  Tocco  Induction  Heater 
Non-contact  cooling  water  -  Pump  Bearings 
Ground  water  from  Baking  Kilns  Building  -  South  side 
Storm  water  from  western  areas  of  the  plant  site 

€00300  (Pumphouse 
Weir) 

512 

Storm  water  from  southeast  areas  of  the  plant  site 

ST0400  (Union  Street) 

i;320 

Waste  Disposal  Site  EfDuent  Drainage  and  leachate  from  waste  disposal  area 

NA0500  (Waste  Dis- 
posal Ditch) 

6,910 

Storm  Water 

•  AU  flow  from  NA0500 

•  Drainage  from  southeast  areas  of  the  plant  site 

ST0600  (Townline 
Road) 

5,820 

22 


Wastewater  Flows  and  Quality 


Appendix  Tables  Al,  A2,  and  A3  present  the  mean,  maximum  and  minium  flow  and 
water  quality  data  for  those  contaminants  measured  during  the  12  month  MISA  Moni- 
toring Regulation  period  at  OTOIOO,  CO0200  and  CO0300  respectively,  which  were 
identified  as  "Priority;  1"  pollutants  by  the  Ministry  of  the  Environment. 
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3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  runoff\  should  be  considered 
for  each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  I         -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4         -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  is  addressed  in  the  following  discussion. 


BAT  Option  1 

Toxicity  data  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Monitoring  Regulation  period,  by  the  Ministry  of  the  Environment  for  three  effluent 
streams  are  presented  in  Appendix  Table  A4.  The  three  MISA  Control  Points  sampled 
include  OTOIOO,  CO0200  and  CO0300. 

The  OTOIOO  effluent  was  determined  to  be  non-lethal  to  trout  and  Daphnia  magna  for 
all  samples  tested.  All  of  the  samples  from  CO0200  were  non-lethal  to  rainbow  trout, 
and  five  out  of  eight  samples  were  non-lethal  to  Daphnia  magna.  The  remaining  three 
samples  had  lethal  concentrations  greater  than  100  percent.  The  CO0300  effluent  was 
determined  to  be  non-lethal  for  all  seven  samples  tested  with  Daphnia  magna  and  for 
six  of  seven  samples  tested  with  rainbow  trout.  One  CO0300  sample  tested  using  rain- 
bow trout  was  determined  to  have  a  lethal  concentration  greater  than  100  percent. 


Storm  water  runoff  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct  a 
Storm  Water  Control  Study  at  each  site. 


TORyiNORG3/915Jl 


Because  the  effluents  tested  were  essentially  non-lethal,  BAT  Option  1  is  defined  as  the 
existing  wastewater  system  at  UCAR. 


BAT  Option  2 

The  U.S.  Federal  Register  has  not  defined  BAT  applicable  to  carbon  graphite  manu- 
facturing. Furthermore,  facilities  were  not  identified  in  the  U.S.  or  elsewhere  that 
could  be  considered  as  "sister"  plants,  with  similar  production  lines  and  production 
capacity.   Thus,  BAT  Option  2  was  not  identified. 


BAT  Option  3 

UCAR  Carbon  Canada  Inc.  is  the  only  direct  discharging  carbon  graphite  producer  in 
Ontario.  Thus,  BAT  Option  3  is  defined  as  the  existing  wastewater  system. 


BAT  Option  4 

BAT  Option  4  is  intended  to  recommend  technologies  which  provide  maximum  overall 
pollution  control. 

At  both  CO0200  and  CO0300,  the  effluent  is  comprised  of  once  through  non-contact 
cooling  water,  groundwater  from  the  Baking  Kilns  Building  and  storm  water.  At 
OTOIOO,  the  effluent  is  comprised  of  once  through  non-contact  cooling  water  and  storm 
water.  Opportunities  do  not  exist  for  the  addition  of  contaminants  to  the  effluent  with 
once  through  non-contact  cooling  water  operations.  The  possible  origins  of  contamin- 
ation at  the  three  MISA  Control  Points  include: 

•  Raw  water 

•  Groundwater 

•  Storm  water 

Of  the  "Priority  1"  pollutants  detected  at  the  three  MISA  Control  Points,  nitrates,  fluor- 
ide, chloride,  sulphate  and  metals  are  at  levels  typically  found  in  surface  waters.  These 
contaminants  likely  originate  from  the  raw  water  source  or  from  storm  water  runoff. 

Oil  and  grease,  total  suspended  solids,  and  phenolics  all  likely  originate  from  storm 
water  runoff,  or  groundwater  infiltration.  If  the  levels  of  contamination  are  perceived 
to  be  significant,  then  UCAR  should  consider  groundwater  testing  to  determine  the 
source  of  the  contamination  as  well  as  implementing  a  Storm  Water  Control  Study. 

Technologies  for  the  removal  of  low  levels  of  contaminants  present  in  these  effluents 
may  be  available  and  may  have  been  used  in  specific  non-industrial  applications  (e.g. 
drinking  water  treatment).  However,  an  exhaustive  global  search  carried  out  as  part  of 
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this  study,  did  not  identify  practical  applications  of  these  technologies  to  treating  indus- 
trial wastewater  effluents  with  similar  contaminant  concentrations.  Thus,  BAT  Option 
4  is  recommended  as  the  existing  system  at  UCAR. 


BAT  Option  5 

BAT  Option  5  incorporates  technologies  which  will  advance  the  plant  furthest  towards 
zero  discharge.  Zero  discharge  of  process  water  has  aheady  been  achieved  by  the 
facility.  The  only  plant  effluent  is  once  through  non-contact  cooling  water. 

Cooling  water  provided  by  once  through  or  recirculating  cooling  tower  systems  are 
invariably  used  to  cool  process  equipment  in  all  mamifacturing  sectors.  Other  cooling 
methods,  such  as  closed-loop  air  cooled  systems,  would  require  very  large  capital  ex- 
penditures, hydroelectric  consumption  and  land  area  for  expansive  heat  exchange 
equipment  requirements,  and  would  not  be  effective  in  warmer  months  in  Ontario. 
Thus,  this  approach  to  cooling  is  not  used.  And  finally,  opportimities  for  consimiption 
of  potential  cooling  tower  blowdown  or  once  through  cooling  water  does  not  exist  in 
the  production  of  any  of  the  "dry"  products  produced  at  UCAR.  Therefore,  BAT 
Option  5  recommendations  are  the  same  as  BAT  Option  4,  since  technologies  that 
further  the  plant  toward  zero  discharge  of  effluents  were  not  identified. 


Summary 

A  summary  of  the  BAT  options  identified  for  UCAR  Carbon  Canada  Inc.  are  pre- 
sented in  Table  2. 


Table! 

Summary  of  BAT  Options  for  UCAR  Carbon  Canada  Inc. 

WeUand  Plant 

BAT  Option 

DeOniUoD 

DescripUoa 

1 

Least  cost  producing  noo-Ietbal 
effluent 

No  change  to  existing  system. 

2 

U.S.  BAT 

No  option  identiGed. 

3 

Best  demonstrated  in  Ontario 

No  change  to  existing  system. 

4 

Maximum  overall  pollution  reduction 

Implement  Groundwater  or  Storm  Water  Control  Study. 

5 

Furthest  towards  zenMlischarge  of 
pollutants 

Same  as  BAT  Option  4. 
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Table  AI ,  UCAR  Caibon  Canada  Inc.,  Welland 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  OT01 00 
Description:  Weir  #2 

Contaminant 

Urats 

Concentration  over  12  Month 
Sanping  Period  ^ 

Loading 
(kg/d) 

Minimum 

Maximum 

x^Mian 

Flow 

m3/d 

346 

^ 

.  \0*  592 

DOC 

mg/L 

0.35 

cA^lN?^        2.9 

1.652 

Specific  Conductance 

uS/cm 

310 

^^"^;<^ 

357 

Aluminum 

ug/L 

^ 

.<^>'^o 

144 

0.002 

Copper 

ug/L 

^  5<iJ"        17 

9.5 

0.006 

Strontium 

ug/L 

170 

.     290 

219 

0.132 

Zinc 

ug/L 

4 

270 

54 

0.039 

Oil  and  Grease 

mg/L 

0.96 

4.1 

1.6 

0.706 

Table  A2,  UCAR  Cart)on  Canada  Inc..  Welland 

Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CCD0200 
Description:  Government  Dock 

Contaminant 

Units 

Concentration  over  12  Month 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

1.6 

56.6 

20.7 

Nitrate  and  Nitrite 

mg/L 

0.08 

4 

0.88 

0.595 

DOC 

mg/L 

0.35 

81 

6.87 

1.71 

Total  Phosphorus 

mg/L 

0.069 

0.53   ,^<>0.087 

0.044 

Specific  Conductance 

uS/cm 

530 

22Ô)' 

'x^..1260 

Total  Suspended  Solids 

mg/L 

4 

vA^^fil-JÎ^^'    6.02 

2.52 

Aluminum 

ug/L 

9>fd>;,^«jo 

203 

0.323 

Boron 

ug/L 

^^, 

,0^^120 

74 

0.122 

Strontium 

ug/L 

60(S 

■^        1600 

68 

1.84 

Zinc 

ug/L 

4 

240 

4 

0.07 

Phenolics  (4AAP) 

ug/L 

1 

18 

4.14 

0.003 

Oil  and  Grease 

mg/L 

0.96 

7.6 

2.03 

0.879 

Chloride,  Unfiltered  Reactive 

mg/L 

14 

2200 

179 

45.1 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.3 

0.5 

0.4 

0.022 

Sulphate,  Unfiltered  Reactive 

mg/L 

29 

1000 

238 

80.4 

Table  A3.  UCAR  Cartx3n  Canada  Inc..  Welland 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0300 
Description:  Pump  House  Return 

Contaminant 

Units 

Concentration  over  12  Month 
Sampf  ng  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

0 

12300 

5010 

Nitrate  and  Nitrite 

mg/L 

0.34 

0.46 

0.4 

2.88 

DOC 

mg/L 

0.35 

12 

.^3.32 

14.8 

Specific  Conductance 

uS/cm 

290 

IIQp  <:;<>'     554 

Aluminum 

ug/L 

56 

ti-iSP*^- 

^^-  176 

0.9 

Boron 

ug/L 

20   ^^5>^^«(^r             38 

0.126 

Copper 

ug/L 

/'C^ 

»"  iC\<>^20 

7 

0.017 

Strontium 

ug/L 

^^^ 

i^     1100 

424 

1.1 

Zinc 

ug/L 

? 

190 

47 

0.124 

Phenolics  (4AAP) 

ug/L 

1 

6 

2.8 

0.014 

Oil  and  Grease 

mg/L 

0.96 

9.3 

1.35 

6.05 

Chloride,  Unfiltered  Reactive 

mg/L 

9.7 

210 

25 

96.5 

Sulphate,  Unfiltered  Reactive 

mg/L 

18 

390 

64 

161 

Table  A4 
Toxicity  Data  for  UCAR  Carbon  Canada  Inc.  for  the  First  Six  Months  of  the  MISA 

Monitoring  Regulation 

Descripdon 

T«stSpccJks 

Number  of  Samples 

Range  of  Lethal 
ConceDtntioo  Data 

Number  of  NoD> 
Lethal  Samples 

OTOIOO,  #2  Weir 
effluent 

Rainbow  trout 
Daphoia  magna 

2 

2 

non-lethal 

2 
2 

CO0200 

Rainbow  trout 
Daphnia  magna 

8 
8 

non-lethal 
>  100%  to  non-lethal 

8 

5 

CO0300 

Rambow  trout 
Daphnia  magna 

7 

7 

>  100  %  10  non-lethal 
non-letiial 

6 

7 

Source:      Six  month  MISA  Monitoring  Regulation  dau. 
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Suico 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

SULCO  CHEMICALS  LIMITED 


1.0 


PLANT  DESCRIPTION 


Sulco  Chemicals  Limited  manufactures  sulphuric  acid  by  the  contact  process.  It  also 
packages  a  number  of  acids,  including: 

•  Hydrochloric  acid 

•  Hydrofluoric  acid 

•  Hydrofluorosilicic  acid 

•  Phosphoric  acid 

Intake  water  is  supplied  by  the  Town  of  Elmira  at  a  rate  of  approximately  200  mVd. 
Water  from  Canagagigue  Creek  was  also  used  to  supplement  water  from  the  Town  of 
Elmira  from  August  to  December  1990.  Water  is  used  for  non-contact  cooling,  steam 
generation  and  product  dilution.  Boiler  make-up  water  is  pretreated  by  passing  it 
through  ion  exchange  dealkalizers  and  softeners.  Cooling  tower  make-up  water  is 
treated  with  additives  for  biological,  corrosion  and  scaling  control. 

Details  on  the  plant,  processes  and  wastewater  generation  are  provided  in  the  site  visit 
report  (Ref.  1). 


2.0 
2.1 


WASTEWATER  SOURCES  AND  QUALITY 

Wastewater  Sources 


Wastewater  sources  and  flows  are  summarized  in  Table  1. 

Wastewater  generated  onsite  includes  boiler  water  treatment  residuals,  boiler  and  cool- 
ing tower  blowdown,  and  rinse  water  generated  in  the  packaging  operation.  These 
wastewaters  are  pH  adjusted  in  a  settling  pond,  followed  by  filtration  prior  to  direct 
discharge.  No  process  wastewater  results  from  the  sulphuric  acid  manufacturing  pro- 
cess. 

During  the  MISA  effluent  monitoring  regulation,  two  Control  Points  were  monitored, 
as  follows: 


Control  Point  COOIOO 


Settling  basin/filtration  effluent,  inclu- 
ding storm  water  from  the  south  end 
of  the  plant  site  (sulphuric  acid  manu- 
facturing, cooling  tower). 
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•         Control  Point  ST0200         -  Storm  water  from  the  north  end  of 

the  plant  site  (packaging,  administra- 
tion, storage). 

These  two  effluent  streams  combine  in  an  open  ditch  which  discharges  to  the 
Canagagigue  Creek. 


— 

Table  1 
Wastewater  Sources  and  Percent  Flow  to  MISA  Control  Point  COOIOO  at  Suico 

Chemicals  Limited 

Wuleiralcr  Searce                                             ' 

PerccDt  af  Wastewater  FLmt 

Cooling  Tower  Blowdown  (Continuous  and  Discontinuous) 

75-80%  of  total 

Boiler  Blowdown  (Continuous  and  Discontinuous) 

20-25%  of  total 

Boiler  Water  Treattnent  Residuals 

*  Sulphuric  add  rcgenerant 

•  Salt  regeneration  wastewater 

(part  of  20-25%) 

Packaging  EfDuent 

<5%  of  toul  (<2  m^/week) 

2^  Wastewater  Flows  and  Quality 

Appendix  Table  Al  presents  the  average,  maximum  and  minium  flow  and  concentra- 
tion data  for  those  contaminants  defined  by  the  Ministry  of  the  Environment  as  "Prior- 
ity 1"  for  the  MISA  Control  Point  COOIOO  at  Sulco  Chemicals  Limited. 


3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

in  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  nmoff^,  were  considered  for 
each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 


Stonn  water  runoff  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to 
conduct  a  Storm  Water  Control  Study  at  each  site. 
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Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5        -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 


BAT  Option  1 

Toxicity  data  were  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Monitoring  Regulation  period  by  the  Ministry  of  the  Envirotunent.  These  data  are 
presented  in  Appendix  Table  A2. 

Seven  rainbow  trout  tests  and  seven  Daphnia  magna  tests  were  carried  out  on  samples 
taken  from  COO  100.  Six  of  the  seven  rainbow  trout  samples  were  non-lethal.  One  of 
the  samples  had  a  lethal  concentration  greater  than  100  percent.  The  lethal  concentra- 
tions of  the  seven  samples  tested  with  Daphnia  magna  ranged  from  70  percent  to  non- 
lethal,  with  5  non-lethal  samples. 

Because  the  majority  of  the  samples  tested  were  non-lethal  to  the  test  species,  and  the 
remaining  samples  were  only  slightly  lethal  to  the  test  species,  the  recommended  BAT 
Option  1  is  the  existing  wastewater  management  system  at  Sulco. 


BAT  Option  2 

Under  40  CFR  Part  415  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  subpart  U 
for  Sulphuric  Acid  Production  subcategory,  BAT  was  not  defined.  No  effort  was  given 
to  developing  BPT,  BAT,  NSPS  or  a  pretreatment  regulation  for  the  sulphuric  acid 
subcategory  since  monitoring  results  indicated  that  the  small  quantities  of  toxic  pol- 
lutants found  during  screening  were  well  below  levels  considered  as  treatable  (Ref.  2), 

The  recommended  BAT  Option  2  is  the  existing  wastewater  management  system  at 
Sulco. 
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BAT  Option  3 

Two  Ontario  plants  included  in  the  Ontario  Inorganic  Chemical  Sector  were  categor- 
ized as  packaging  plants,  Sulco  Chemicals  Limited  and  Conpak. 

A  comparison  of  the  operating  features  of  the  two  facilities  is  presented  in  Table  2. 
Although  Sulco  produces  sulphuric  acid,  no  effluent  from  this  process  is  discharged. 
Conpak  does  not  appear  to  be  directly  comparable  to  the  operations  at  Sulco  since 
over  95  percent  of  the  wastewater  flows  at  Sulco  do  not  originate  from  packaging  oper- 
ations, and  the  only  products  packaged  at  Sulco  are  inorganic  acids.  The  Sulco 
wastewater  treatment  system  consists  of  sodium  carbonate  addition  followed  by  settling 
ponds,  and  cloth  bag  filtration.  The  system  operates  on  a  continuous  basis  and  the 
effluent  is  monitored  for  pH.  When  pH  excursions  occur,  alarms  are  activated  and  the 
sodium  carbonate  dosage  rates  are  adjusted  accordingly.  In  comparison,  at  Conpak, 
the  only  wastewater  treatment  involves  batch  pH  adjustment  prior  to  discharge. 


Table  2 
A  Comparison  of  the  Operating  Features  at  Conpak  and  Sulco  Chemicals  Ltd. 

ParaiDcler 

Conpak 

Sulco  Cbemicais  Limited 

Intake  water  source 

City  of  Cornwall 

Town  of  Elmira 

Effluent  Qow  (m-'/d) 

33 

68 

Products  manufactured 

None 

Sulphuric  add 

Products  packaged 

Sulphuric  add 
Hydrochloric  add 
Hydrogen  peroxide 
Caustic  potash 
Sodium  hypochlorite 
Caustic  soda 
Ammonium  hydroxide 
Nitric  add 
Acetic  add 
HydroQurosilidc  add 
Chlorine 
Sulphur  dioxide 
Anhydrous  ammooia 

Hydrochloric  add 
Hydrofluoric  add 
Hydrofluorosilidc  acid 
Phosphoric  add 
Sulphuric  add 

Wastewater  treatment 

•  Two  neutralization/check  tanks  in  scries. 

•  pH  controlled  using  hydrochloric  add  and 
caustic  soda  addition. 

•  No  mixing. 

•  Batch  discbarge  approximately  8  times  each 
day. 

•  pH  adjustment  by  soda  ash  addition. 

•  Settling  in  primary  and  secondary  pond. 

•  Secondary  pond  effluent  doih  filtered. 

•  Sludge  removal  in  pond  system. 

Sources  of  wastewater 

•  Mixing  vessel  wash  water. 

•  Hydrostatic  testing  water.. 

•  Spent  scrubber  liquor. 

•  Floor  drain  wastewater. 

•  CooUng  tower  blowdown  (75  to  80%). 

•  Boiler  blowdown  and  water  softener 
regeneration  water  20  to  25%. 

•  Neutralized  packaging  washwater  effluent 
(<5%). 
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A  comparison  of  the  effluent  quality  for  a  few  selected  "Priority  1"  pollutants  is  pre- 
sented in  Table  3.  As  expected,  from  the  contrast  in  activities  at  the  two  facilities,  the 
levels  of  some  of  the  parameters  are  very  different  at  the  two  plants. 

These  comparisons  suggest,  that  Sulco  is  the  only  plant  of  its  kind,  in  the  Ontario 
Inorganic  Chemical  Sector.  Therefore,  the  recommended  BAT  Option  3  is  the  existing 
system  at  Sulco. 


.=-^====^^=^=                                             =a ■ 

Table  3 

Comparison  of  Effluent  Concentrations  and  Loadings  at  Two  Acid  Packaging 

Facilities  in  the  Ontario  Inorganic  Chemical  Sector 

Parameter 

FacUity 

Conpak 

Sulco  Chemicals  Limited 

Cooceotralion 
{mgfL) 

Dally  Loading 

(kg/d) 

Concentration 

(mg/L) 

Daily  loading 

(kg/d) 

TKN 

37 

1.18 

0.85 

0.06 

Nilrate/Niinie 

57 

1.84 

9.7 

0.68 

Total  Phosphonjs 

6.6 

0.252 

0.66 

0.046 

TSS 

83 

3.2 

14.4 

0.76 

Oil  and  Grease 

ZSS 

0.099    . 

i26 

0.157 

Chloride 

1.360 

493 

1,830 

123 

Ruoride 

1.94 

0.044 

4.07 

0.278 

Sulphate 

986 

35.7 

1,640 

114 

BAT  Option  4 

BAT  Option  4  is  intended  to  provide  maximum  overall  pollution  control.  The  only 
process  water  discharged  includes  neutralized  wash  water  generated  by  the  rinsing  of 
carboys  and  drums  for  refilling  with  product  acids.  Other  sources  of  wastewater 
include: 

•  Effluent  from  the  regeneration  of  the  dealkalizer  and  softener  units. 

•  Boiler  blowdown. 

•  Cooling  tower  blowdown. 

•  Storm  water  runoff. 

Examination  of  the  mean  concentration  of  total  suspended  solids  (TSS)  in  the  final 
effluent  as  reported  in  Appendix  Table  Al,  (14.4  mg/L)  suggests  that  improved  solids 
removal  could  be  considered,  since  consistent  levels  of  5  mg/L  are  achievable  with 
coagulation/settling/filtration  systems  (Ref.  3  and  4).  A  detailed  examination  of  the 
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MISA  Monitoring  Regulation  data  revealed  that  a  significant  TSS  excursion  (1,510 
mg/L)  occurred  during  October  1990,  following  a  plant  shut  down  period.  As  well, 
significant  TSS  excursions  (ranging  fi^om  14  to  51  mg/L)  occur  as  a  result  of  storm 
events  (Ref.  5).  Due  to  the  fluctuations  in  the  TSS  effluent  levels,  recommendations 
for  improved  TSS  removal  are  included  in  BAT  Option  4. 

The  mean  zinc  level  in  the  effluent  (1,590  jig/L)  is  significant.  Sulco  has  indicated  that 
these  escalated  values  were  the  result  of  corrosion  of  the  sample  containers,  and  do  not 
reflect  the  concentration  of  zinc  in  their  effluent  (Ref.  5).  Early  in  the  sampling  prog- 
ram, sample  containers  had  galvanized  steel  lids.  Contact  of  the  sample,  which  is  acid- 
ified for  preservation,  with  the  lid  would  result  in  dissolution  of  zinc.  Examination  of 
the  monthly  MISA  Monitoring  Regulation  data  confirms  that  after  March  1990  (when 
the  sampling  procedures  were  altered),  there  was  a  significant  decrease  in  the  con- 
centration of  zinc  in  the  final  effluent  fi^om  an  average  of  4,200  \igfL  (December,  1989 
to  March,  1990)  to  420  \igfL  (April  1990  to  November,  1990).  To  further  reduce  zinc 
loadings,  Sulco  reports  that  during  the  MISA  Monitoring  Regulation  period,  a  zinc/pho- 
sphate based  water  conditioning  additive  was  exchanged  with  a  phosphate-based  ad- 
ditive. 

The  remaining  zinc  in  the  effluent,  averaging  420  jig/L  from  April  to  November  1990, 
should  be  removed,  to  some  extent,  with  improved  TSS  removal,  as  recommended 
above.  However,  this  removal  may  be  enhanced  by  ensuring  that  soda  ash  addition  in 
the  primary  settling  basin  raises  pH  to  the  8.0  to  8.5  range.  This  minimizes  zinc  solu- 
bility (without  exceeding  allowable  pH  levels  for  discharge)  and  wiU  increase  the 
amount  of  zinc  available  for  removal  by  settling.  Thus  improved  settling  and  pH  ad- 
justment are  recommended  for  zinc  removal  under  BAT  Option  4  at  Sulco. 

Although  this  measure  will  achieve  only  partial  removal  of  zinc  (see  Section  4.1)  further 
measures  cannot  be  recommended  until  the  remaining  sources  of  zinc  are  identified. 
Thus,  zinc  should  be  included  in  a  Source  Identification  and  Control  Study.  Further 
reduction  or  elimination  of  zinc  will  most  likely  be  based  on  source  controls  such  as 
process  changes,  materials  substitution,  storm  water  management  or  best  management 
practices. 

The  mean  strontium  concentration  (6,640  jig/L)  is  likely  the  result  of  strontium  in  the 
raw  water  being  concentrated  by  cooling  tower  and  boiler  operation.  There  is  no  spe- 
cific process  source  for  this  contaminant. 

Vanadium  is  a  component  of  the  catalyst  used  in  the  manufacture  of  sulphuric  acid. 
The  maximum  concentration  of  vanadiimi  occurred  during  shut  down.  Since  there  is  no 
direct  contact  of  plant  effluent  with  this  catalyst,  and  the  maximum  level  was  achieved 
during  a  time  when  maintenance  on  the  reaction  unit  was  in  progress,  the  likely  source 
of  the  vanadium  is  storm  water.  Thus,  reduction  or  elimination  of  vanadium  in  the 
effluent  will  be  based  on  source  controls  such  as  catalyst  substitution,  or  storm  water 
management. 
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The  oil  and  grease  levels  (2.26  mg/L)  and  the  phenolics  levels  (3.6  jig/L)  coxild  be 
reduced  using  an  oil  absorption  column  as  presented  in  the  General  Technology  Report 
(Ref.  10).  Alternatively,  poUution  control  activities  such  as  in-plant  management  prac- 
tices could  be  exercised  in  the  plant  site. 

A  likely  source  of  sulphide  (124  iig/L)  is  fugitive  emissions  from  the  burning  of  sulphur 
in  the  production  of  sulphuric  acid  and  the  resulting  storm  water  runoff.  Reduction  or 
elimination  of  sulphide  in  the  effluent  will  be  based  on  source  controls  through  process 
changes,  such  as  improved  air  emission  quality,  or  through  storm  water  management. 

The  source  of  total  phosphorus  in  the  effluent  (0.66  mg/L)  is  likely  the  water  treatment 
chemicals.  However,  since  this  level  is  low,  and  alternative  water  conditioning  chemi- 
cals will  likely  introduce  other  contaminants  (Ref.  7)  replacement  of  the  water  treat- 
ment chemicals  for  total  phosphorus  reduction  is  not  recommended. 

The  levels  of  chloride  (1,830  mg/L),  fluoride  (4.0  mg/L),  and  sulphate  (1,640  mg/L)  are 
significant  in  the  effluent.  The  most  likely  sources  of  these  contaminants  are  the  wash- 
ing of  the  acid  containers,  the  deionization  regeneration  effluent,  and  boiler  blowdown. 
The  technologies  to  treat  these  levels  of  chloride,  fluoride  and  sulphate  include: 

•  Preconcentration  of  the  waste  stream  using  reverse  osmosis,  ion  exchange 
or  electrodialysis.  Flow  rates  of  residuals  requiring  further  treatment  will 
total  approximately  10  to  30  percent  of  the  original  flow. 

•  Further  concentration  of  the  waste  stream  through  evaporative  technol- 
ogies such  as  vapour  compression  evaporation  or  steam-driven  evapor- 
ation. 

•  Crystallization  of  the  concentrated  waste  stream  through  the  use  of  spray 
dryers  or  equivalent  technologies. 

•  Disposal  of  resulting  solid  wastes. 

Preconcentration  technologies  require  careful  control  of  operating  conditions  to  avoid 
fouling  or  deterioration  of  membranes  or  resins  and  may  require  additional 
pretreatment  steps  such  as  removal  of  solids  and/or  organics.  All  of  these  technologies 
are  both  energy  and  labour  intensive.  Further  description  of  these  technologies,  as  well 
as  further  information  on  capital  and  operating  costs,  are  included  in  a  separate  report. 
These  added  operational  and  technological  complexities  are  not  likely  to  be  offset  by 
the  improvement  in  wastewater  quality  at  Sulco.  Thus,  recommendations  for  BAT 
Option  4  do  not  include  measures  for  the  control  of  dissolved  solids  such  as  chlorides, 
fluorides  and  sulphates. 

"Priority  1"  contaminants  with  no  specific  process  source  include  cyanide  and  arsenic. 
Careful  review  of  the  processes,  raw  materials,  products  and  chemicals  used  at  the 
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plant  within  the  scope  of  this  study  did  not  reveal  a  source  of  these  contaminants.  An 
audit  of  the  possible  sources  of  these  contaminants  is  necessary  through  a  Source  Iden- 
tification and  Control  Study^.  Reduction  or  elimination  of  these  contaminants  in  dis- 
charges will  most  likely  be  based  on  source  controls  such  as  process  changes,  materials 
substitution,  storm  water  management  or  in-plant  management  practices. 

However,  it  should  be  noted  that  arsemc  levels  are  well  below  the  Provincial  Water 
Quality  Objective  of  100  ng/L  and  that  technologies  for  removal  of  such  low  levels  from 
industrial  wastewaters  were  not  identified  in  exhaustive  global  search.  Technologies  for 
the  removal  of  cyanide  include  alkaline  chlorination.  However,  this  technology  is  not 
normally  applied  to  low  levels  of  total  cyanide  such  as  these.  In  addition  this  treatment 
step  would  require  subsequent  dechlorination  of  effluent  to  ensure  non-lethality.  This 
added  operational  complexity  would  not  likely  be  offset  by  the  improvement  in  water 
quality  which  would  result  at  Sulco.  Therefore,  measures  to  reduce  arsenic  and  cyanide 
loadings  have  not  been  included  under  BAT  Option  4. 

A  review  of  remaining  contaminants  detected  in  the  final  effluent  indicates  that  most 
are  not  generated  in  the  process  and  may  be  the  result  of  raw  water  contaminants 
concentrated  by  cooling  tower  and  boiler  operation.  These  contaminants  include;  am- 
monia plus  ammonium,  nitrates  and  TKN,  and  metals.  Technologies  for  the  removal  of 
low  levels  of  contaminants  present  in  the  plant  effluents,  may  be  available  and  have 
been  used  in  specific  non-industrial  applications  (e.g.  drinking  water  treatment).  How- 
ever, an  exhaustive,  global  search  carried  out  as  part  of  this  study  did  not  identify  prac- 
tical applications  of  these  technologies  for  treating  industrial  wastewater  effluents  with 
similar  contaminant  concentrations.  Thus,  recommendations  for  BAT  Option  4  do  not 
include  technologies  for  removal  of  these  contaminants. 

In  summary,  recommendations  for  BAT  Option  4  include: 

•  Improved  TSS  removal  and  pH  adjustment. 

•  A  Source  Identification  and  Control  Study  for  2dnc  cyanide  and  arsenic. 

•  Oil  and  grease,  and  phenol  control. 

These  measures  are  discussed  in  detail  in  Section  4.0. 


BAT  Option  5 

Technologies  that  would  advance  the  plant  further  toward  zero-discharge  were  not 
identified  in  a  global  search.  Cooling  water  provided  by  once  through  non-contact  and 


Source  Identification  and  Control  Study  invoWes  an  audit  of  the  possible  sources  of  this  contaminant  Reduction  or 
elimination  of  this  contaminant  in  the  final  effluent  may  be  source  controls  through  process  changes,  materials  substitu- 
tion, improved  air  emission  quality,  best  management  practices,  or  through  storm  water  management 
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recirculation  cooling  tower  systems  are  invariably  used  to  cool  process  equipment  in  in- 
dustrial manufacturing.  Other  cooling  methods,  such  closed-loop  air  cooled  systems, 
would  require  very  large  capital  expenditures,  operating  costs  (for  electricity)  and  land 
area  for  expansive  heat  exchange  equipment  requirements,  and  would  not  be  effective 
in  warmer  months  in  Ontario.  Thus,  this  approach  to  cooling  is  not  used.  And  finally, 
opportunities  for  consumption  of  cooling  tower  blowdown,  boiler  blowdown,  regener- 
ation effluent,  or  wash  water  do  not  exist  in  the  production  of  sulphuric  acid.  There- 
fore, the  recommended  BAT  Option  5  that  includes  technologies  which  advance  the 
plant  furthest  towards  zero  discharge  of  pollutants  is  the  same  as  BAT  Option  4. 


Summary 

Table  4  presents  a  summary  of  BAT  Options  for  Sulco  Chemicals  Limited. 


Table  4 
Summary  of  BAT  Options  for  Sulco  Chemicals  Limited 

BATOptloa 

DeOniUon 

Description 

1 

Least  cost  produdng  non-letbal  efQuent 

•      No  change  to  existing  system. 

2 

U.S.  BAT 

•      No  change  to  existing  system. 

3 

Best  demonstrated  in  Ontario 

•       No  change  to  existing  system. 

4 

Maximum  overall  pollution  reduction 

•  Improved  TSS  Removal. 

•  A  Source  IdentiGcation  and  Control  Study  for 
cyanide  and  arsenic 

5 

Funhest  towards  zero-discharge  of  pollutants 

•      Same  as  BAT  Option  4. 

4.0 


BAT  OPTIONS 


The  recommendations  for  BAT  Options  1,  2,  and  3  were  no  changes  to  the  existing 
system.  BAT  Option  4  and  5  are  described  below. 


4.1  BAT  Option  4  and  5 

Description 

BAT  Options  4  and  5  entails  the  following: 

•  TSS  removal  and  pH  adjustment  system  consisting  of  chemical  mixing 

and  a  sedimentation  basin. 
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•  A  Source  Identification  and  Control  Study  for  zinc,  cyanide  and  arsenic. 

•  Oil  and  grease  and  phenol  control  through  best  management  practices. 

Currently,  the  wastewater  generated  from  container  washing  is  neutralized  in  a  sump 
prior  to  discharge  to  the  centralized  treatment  area.  The  centralized  treatment  involves 
sodium  carbonate  addition  to  the  primary  settling  basin,  which  overflows  to  the  secon- 
dary settling  basin.  The  effluent  from  the  secondary  settling  basin  is  treated  using  cloth 
bag  filtration  prior  to  final  discharge.  The  wastewater  streams  discharging  directly  to 
the  primary  settling  basin  include  cooling  tower  blowdown,  packaging  operation  effluent 
combined  with  storm  water,  storm  sewer  flows  ft"om  the  south  central  area  of  the  site, 
backwashes  fi^om  boiler  water  treatment,  and  continuous  boiler  blowdown.  Discharges 
to  the  secondary  settling  basin  include  discontinuous-  boiler  blowdown,  effluents  from 
the  cloth  filter  cleaning  operation,  storm  sewer  flows  from  the  southeast  comer  of  the 
plant,  and  floor  drainage  from  the  maintenance  building. 

Sedimentation  tank  performance  is  related  to  several  related  factors  (Ref.  6)  including: 

Surface  hydraulic  loading  rate. 

Hydraulic  retention  time. 

Solid  loading  rate. 

Depth. 

LengthAvidth  ratio  for  rectangular  basins. 

In  Table  5,  typical  settling  basin  design  data  are  compared  to  existing  settling  basins  at 
Sulco  Chemicals  Limited.  A  review  of  these  data  suggest  that  the  depth  of  the  settling 
basins  at  Sulco  are  not  sufficient  to  provide  for  adequate  settling  of  the  total  suspended 
solids. 

All  discharges  to  the  centralized  wastewater  treatment  system  should  be  directed  to  the 
primary  settling  basin  to  receive  chemical  treatment,  so  that  the  primary  settling  basin 
is  functioning  as  a  chemical  mixing  zone.  Soda  ash  should  be  added  to  attain  a  pH  of 
fi-om  8.0  to  8.5  to  maximize  the  precipitation  of  zinc  without  exceeding  pH  discharge 
limits. 

The  only  source  of  wastewater  to  the  secondary  settling  basin  should  be  the  overflow 
fi-om  the  primary  settling  basin.  The  secondary  settling  basin  should  then  be  deepened 
to  allow  for  adequate  clarification.  The  recommended  modifications  include  increasing 
the  depth  of  the  secondary  settling  basin  to  2  m,  and  building  berms  around  the  per- 
imeter of  the  basin  so  the  effective  depth  is  3  m.  The  basin  will  be  clay-lined  and  the 
berms  will  be  covered  with  rip-rap  and  geotextile  to  prevent  erosion. 
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Table  S 
Comparison  of  lypical  Settling  Basin  Design  Parameters  to  the  Settling  Basin 

Characteristics  at  Sulco 

Parameter 

Typical  Range  of  Values 

Values  at  Suico^ 

Hydraulic  loading  rate  (m^/m^/d) 

20  to  65 

0.35 

Hydraulic  retention  time  (hr) 

1.5  to  3 

3.6  to  17^ 

Depth  (m) 

3  to  4.5  m 

0.10  to  0.25 

Rectangular  basin  length  to  width  ratio 

>4 

3 

Notes: 

\.           Ref.  6. 

1           Determined  using  data  from  MISA  Monitoring  Regulation  period,  and  information 

collected  during  MISA  site  visit  (Ref.  1). 
3.           Depth  may  vary  from  0.10  m  to  0.25  m. 

A  secondary  settling  basin  with  adequate  depth  as  recommended  above  will  help  to 
dampen  the  effects  of  solids  loadings  resulting  from  storm  events  and  similar  upsets. 
This  should  result  in  more  reliable  operation  of  the  subsequent  filter  and  reduce  the 
frequency  and  severity  of  loading  resulting  from  filter  breakthrough.  The  frequency  of 
filter  bag  changing  will  also  be  reduced. 

One  further  operational  improvement  may  contribute  to  reducing  suspended  solids 
loadings  due  to  excursions.  It  is  likely  that  TSS  excursions  occur  whenever  the  filter 
cloth  is  newly  installed  and  before  an  adequate  filtercake  has  formed.  It  is  recom- 
mended that  effluent  during  these  periods  be  directed  to  the  primary  settUng  basin 
rather  than  being  discharged.  This  will  not  significantly  increase  the  surface  loading 
rate  the  secondary  settling  basin. 

The  Source  Identification  and  Control  Study  for  zinc,  cyanide  and  arsenic  was  described 
in  Section  3. 

Best  management  practices  for  source  control  of  oil  and  grease  and  phenols  will 
include  diligent  collection  of  oils  during  equipment  maintenance  and  repair,  routine 
inspection  of  equipment  for  oils  leaks,  containment  of  higher  risk  leak  and  spill  areas, 
placement  of  absorbent  socks  and  pads  around  equipment,  employee  training  on  oil 
spill  procedures,  etc. 


11 


TOR/INORG3/998J1 


Performance 

The  projected  performance  of  implementing  BAT  Options  4  and  5  is  presented  in 
Table  6.  A  combined  settling  and  filtration  system  should  be  capable  of  producing  an 
effluent  with  5  mg/L  of  TSS  (Ref.  4).  In  addition,  zinc  should  be  reduced  to  approx- 
imately 200  p,g/L  if  properly  settled  and  filtered  after  pH  adjustment  to  8.0  to  8.5.  This 
estimate  is  based  on  the  solubility  of  zinc  in  this  pH  range.  The  projected  concentra- 
tions of  the  oil  and  grease  and  phenols  are  based  on  achieving  the  lowest  mean  month- 
ly loadings  observed  over  the  MISA  Mom'toring  Regulation  period  on  a  consistent 
basis. 


.... 
Table  6 
Projected  Performance  of  Implementing  BAT  Options  4  and  5 

Tcchnologr 

Cootamixiaiit 

Existiog'^ 

Projected 

Concentra  Uon 

Louiing  (kg/d) 

CoDcealration 

Loading  (kg/d) 

Improved  settling  and  Qltra- 
tion  with  pH  adjustment. 

TSS 
Zinc 

14.4  mg/L 
420  ^g/L^ 

0.762 
2.86  X  10'2 

5.0^  mg/L 
200  (ig/L 

0.265 
136  X  10-2 

Best  management  practices 
for  oil  and  grease. 

Oil  and  Grease 
Phcnolics 

2.26  mg/L 
3.6ng/L 

0.157 
145  X  10^ 

1.08  mg/L'* 
1.22  ng/L'* 

0.074 
83  X  10'^ 

Notes: 

1.  Sec  Table  Al. 

2.  Mean  concentration  for  April  to  November,  1990  only.   Loadings  calculated  using  mean  concentration  and  ave- 
rage Dow. 

3.  Ref.  4. 

4.  Lowest  monthly  mean  concentration  during  MISA  Monitoring  Regulation. 

Costs 

The  estimated  capital  costs  for  modifying  the  settling  system  ($33,700)  are  presented  in 
Table  7.  Labour  costs  associated  with  operation  of  the  filter  will  be  reduced,  since  the 
frequency  of  filter  bag  changing  will  be  reduced  (the  frequency  of  filter  bag  changing 
can  not  be  predicted  without  TSS  influent  data).  However,  chemical  addition  costs  may 
increase  in  order  to  attain  the  desired  pH  of  from  8.0  to  8.5.  It  is  not  possible  to  es- 
timate these  costs  without  further  information  on  the  alkalinity  of  the  wastewater  or 
treatability  studies. 

The  implementation  of  a  Source  Identification  and  Control  Study  for  zinc,  cyanide  and 
arsenic  would  cost  approximately  $25,000  ($1991). 

Costs  for  implementing  best  management  practices  for  oil  and  grease  control  caimot  be 
calculated  in  detail,  since  the  necessary  changes  to  the  plant  and  employee  training 
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could  not  be  defined  within  the  scope  of  this  study.  It  is  reasonable  to  assume,  howe- 
ver, that  these  costs  would  be  relatively  small  for  minor  changes  around  the  plant  such 
as  containment  implementation.  Negligible  costs  were  also  assumed  for  oil  control  pro- 
cedures in  staff  training  programs,  and  other  routine  operating  requirements. 


Table  7 
Capital  Cost  for  Modification  of  Existing  Settling  System^ 

Item 

Capital  Cost 

Primai?  Settling  Modificalioas 

•      Includes  installation  of  transfer  pipes  from  discharge  locations  to  secondary  settling 

S3300 

Secondai?  Settling  Modifications 

Includes  benns.  clay  lining,  excavation,  rip-rap,  geotextile 

$30,400 

Total 

$33.700 

Notes: 

1.     All  costs  include: 

30%  installation 
35%  estimating  contingency 
•         15%  engineering  and 

7%  GST  (on  toul)  (ENR  CCI  6343) 

Thus,  the  total  capital  cost  for  implementing  BAT  Options  4  and  5  is  approximately 
$58,700  ($1991),  which  does  not  include  costs  for  implementing  best  management  prac- 
tices for  oil  and  grease. 


5.Ô  SUMMARY  OF  BAT  OPTIONS 

Table  8  presents  a  summary  of  costs  and  performance  of  the  BAT  Options  recom- 
mended for  Sulco. 
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March  19,  1991  (unpublished). 

2.  U.S.  EPA,  1980.  Development  Document  for  Effluent  Limitations  Guidelines  and 
Standards  for  the  Inorganic  Chemicals  Manufacturing  Point  Source  Category, 
EAA/1-79/007. 

3.  General  Technology  Report,  Sedimentation  for  TSS  Removal. 
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Table  8 
Summary  of  Cost  and  Performance  of  BAT  Options  for  Sulco 

Component 

Estimated  Result                                | 

BAT  Options  1,  2,  and  3 

BAT  Options  4  and  5 

Cost 

Capital^ 
Operating  (S1991) 

0 

0 

S58,700 
Unknown^ 

Performance  (Contaminant  loading 
reduction,  kg/d) 

•  TSS 

•  Zinc 

•  Oil  and  grease 

•  Phenolics 

No  change 

0.497 
1.5  X  10-2 

0.083 
1.62  X  10"* 

Notes: 

1.  Based  on  ENR  CCI  6343. 

2.  Dependent  on  TSS  levels  to  settling  basins,  and  settling  basin  performance. 

Sister  Plant  Technology  Report  -  Coagulation/Sedimentation/Filtration  Ponds  at 
Cabot  Canada  Ltd. 

Koniuch,  Ron.   Sulco  Chemicals  Limited.  Telephone  conversation.   November 
1991. 

Treatability  Manual  Volume  III  -  Technologies  for  Control/Removal  of  Pollu- 
tants, EPA-600/2-82-001C.  September  1981. 

General  Technology  Report,  Water  Conditioning  Chemicals  for  Cooling  Tower 
and  Boiler  Make-up. 
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APPENDIX 
Tables 


Table  AI ,  Sulco  Chemicals  Limited,  Elmira 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0100 
Description:  Rnal  Effluent 

Contaminant 

Units 

Concentration  over  12  Month 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

0 

129 

68.1 

COD 

mg/L 

31 

100 

66 

4.833 

Cyanide  Total 

mg/L 

0.005 

0.127 

0.03 

0.002 

Ammonia  Plus  Ammonium 

mg/L 

0.05 

0.97 

0.257 

0.021 

Total  Kjeidahl  Nitrogen 

mg/L 

0.3 

2.4 

0.854 

0.06 

Nitrate  and  Nitrite 

mg/L 

2.08 

28.6 

9.7 

0.679 

DOC 

mg/L 

0.5 

15.2 

5 

0.356 

TOC 

mg/L 

5 

11 

7.8 

0.546 

Total  Phosphorus 

mg/L 

0.2 

1.62 

.^•ao-se 

0.046 

Specific  Conductance 

uS/cm 

744 

16700 J 

I  O^  7500 

Total  Suspended  Solids 

mg/L 

3.6 

^'À^ 

>0\'^-14.4 

0.762 

Aluminum 

ug/L 

50 

<i^i^ 

^°         240 

0.017 

Boron 

ug/L 

^ 

sO^° 

173 

0.013 

'Cadmium 

ug/L 

1 

£P*       14 

5.2 

0.000354 

Cobalt 

ug/L 

2 

40 

16.5 

0.001 

Copper 

ug/L 

20 

140 

37 

0.003 

Nickel 

ug/L 

2 

90 

38 

0.003 

Lead 

ug/L 

10 

112 

34 

0.003 

Strontium 

ug/L 

3000 

12000 

6640 

0.483 

Vanadium 

ug/L 

3 

792 

53 

0.004 

Zinc 

ug/L 

33 

36000 

1590 

0.11 

'Arsenic 

ug/L 

1.8 

12 

5.5 

0.000375 

•Phenolics  (4AAP) 

ug/L 

0.8 

47 

3.6 

0.000245 

Sulphide 

ug/L 

15 

110 

24 

0.002 

Oil  and  Grease 

mg/L 

0.23 

8.1 

2.26 

0.157 

Chloride,  Unfiltered  Reactive 

mg/L 

282 

4760 

1830 

123.044 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.012 

27.3 

4.07 

0.278 

Sulphate,  Unfiltered  Reactive 

mg/L 

676 

7890 

1640 

114.401 

Note:  *  These  loadings  were  determined  using  the  mean  flow  and  concentration  data.              | 

Table  A2 
Toxicity  Data  for  Sulco  Chemicals  Limited  for  the  First  Six  Months  of  MISA 

Monitoring  Regulation 

Test  Species 

Number  of  Samples 

Range  of  Lethal  Concentra- 
tion Data 

Number  of  Non- 
lethal  Samples 

Rainbow  trout 
Daphnia  magna 

7 
7 

>100%  to  non-lethal 
70%  to  non-lethal 

6 

5 

Suico  Chemicals 
Elmira 


CONCENTRATIONS 

LOADS    kg/d 

ATG 

PARAMETER 

RMDL 

UNfT 

CO  0100 

CO  0100 

c 

Total  suspended  soEds 

5 

mg/L 

14.8 

0.739 

c 

Hydrogen  ion  (pH) 

7.63 

c 

Specific  conductance 

uS/cm 

7570 

0.000 

c 

DOC 

0.5 

mg/L 

4.97 

0.356 

c 

TÔC 

5 

mg/L 

7.83 

0.546 

c 

Oil  and  grease 

1 

mg/L 

2.26 

0.157 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

0.257 

0.021 

c 

Nitrate +Ni1rito 

0.25 

mg/L 

9.73 

0.679 

c 

Total  Kjeldahl  nitrogen 

0.5 

mg/L 

0.854 

0.060 

c 

Total  phosphorus 

0.1 

mg/L 

0.664 

0.046 

09 

Aluminum 

30 

ug/L 

240 

0.017 

09 

Boron 

50 

ug/L 

173 

0.013 

09 

Cadmium 

2 

ug/L 

5.16 

- 

09 

Cobalt 

20 

ug/L 

16.5 

0.001 

09 

Copper 

10 

ug/L 

37 

0.003 

09 

Lead 

30 

ug/L 

33.9 

0.003 

09 

Nickel 

20 

ug/L 

38.1 

0.003 

09 

Strontium 

20 

ug/L 

6650 

0.483 

09 

Vanadium 

30 

ug/L 

53.2 

0.004 

09 

Zinc 

10 

ug/L 

1590 

0.110 

10 

Arsenic 

5 

ug/L 

5.5 

- 

12 

Mercury 

0.1 

ug/L 

0.07 

- 

14 

Phenolics  (4AAP) 

2 

ug/L 

3.57 

- 

15 

Sulphide 

20 

ug/L 

23.9 

0.002 

16 

Chloroform 

0.7 

ug/L 

2.97 

- 

19 

Benzylbutylphthalate 

0.6 

ug/L 

0.4 

_ 

19 

Bis(2-ethylhexy1)  phthaJate 

a2 

ug/L 

1.25 

- 

2 

Cyanide  Total 

0.005 

mg/L 

0.03 

0.002 

98 

Ftflow 

m3/d 

68.1 

11 

Chloride 

2 

mg/L 

1830 

123 

12 

Fluoride 

0.1 

mg/L 

4.07 

0.278 

13 

Sulphate 

5 

mg/L 

1640 

114 

Notes: 


C00100  is  the  "Final  Effluenf.  TTiis  is  discharged  into  Canagagigue  Creei<. 
This  creek  joins  the  Grand  River. 


APPENDIX  22 
Union  Carbide  Linde,  Morre 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

LINDE  (DIVISION  OF  UNION  CARBIDE  CANADA  LIMITED) 

MOORE  TOWNSfflP  SITE 


1.0  PLANT  DESCRIPTION 

Nitrogen  gas  is  produced  at  the  Linde-Union  Carbide  plant  in  Moore  Township  by 
extraction  from  air  using  a  compression  and  distillation  process,  with  the  remaining  gaseous 
components  being  vented  to  the  atmosphere.  Gaseous  nitrogen  is  compressed  for  on-site 
storage  and  is  also  transferred  by  pipeline  to  nearby  customers.  Intake  water  from  the 
Samia  (Lambton  County)  municipal  water  supply  is  used  at  the  plant  as  cooling  tower  make- 
up. Details  on  the  plant,  processes  and  wastewater  generation  are  provided  in  the  site  visit 
report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

Plant  sanitary  wastewater  and  spills  from  within  the  process  building  are  not  discharged 
directly.  They  are  directed  to  a  sanitary  sewer,  which  leads  to  an  on-site  weeping  tile  system. 
All  other  wastewater  sources  discharge  to  a  single  storm  sewer  which  was  monitored  as  part 
of  the  MISA  Monitoring  Regulation  program  at  Control  Point  COOIOO.  The  effluent  is 
discharged  to  the  Concession  Road  No.  8  ditch,  which  eventually  discharges  to  the  St.  Qair 
River. 

The  only  process  wastewater  generated  in  the  production  of  nitrogen  gas  is  air  compressor 
condensate,  at  a  rate  of  2.7  m^d.  This  wastewater  is  not  discharged,  but  is  reused  in  the 
plant  to  reduce  the  volume  of  cooling  tower  make-up  water  reqxiired.  Cooling  tower 
blowdown  passes  through  a  sump  which  allows  for  some  settling  to  occur,  and  then  mixes 
with  storm  water  prior  to  discharge  through  MISA  Control  Point  COOIOO. 

During  the  MISA  Regulation  Monitoring  period,  the  average  discharge  rate  through  Control 
Point  COOIOO  was  12  m^/d. 


22  Wastewater  Flows  and  Quality 

Table  Al  in  the  Appendix  presents  the  average,  maximum  and  minium  flow  and 
concentration  data  for  those  contaminants  defined  by  the  Ministry  of  the  Enviroimient  as 
"Priority  1"  for  the  MISA  Control  Point  COOIOO  at  Linde,  Moore  Township  Site. 


TOR/INORG2/912J1 


3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  five  BAT  options  for  management  of  wastewater, 
with  the  exception  of  storm  water  runoff^  were  considered  for  each  Ontario  Inorganic 
Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow  trout 

and  Daphnia  magna. 

Option  2        -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facilities  in 

the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5        -  A  BAT  option  consisting  of  any  current  technology  or  combination  of 

current  technologies,  including  supplemental/add-on  technologies,  or 
cross-over  technologies  from  other  industrial  sectors,  which  will 
advance  the  Ontario  plant  the  furthest  toward  virtual  elimination  and 
the  ultimate  goal  of  zero  discharge  of  contaminants. 

Each  of  these  options  are  addressed  in  the  following  discussion. 


BAT  Option  1 

Toxicity  data  were  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Regulation  Monitoring  period  by  the  Ministry  of  the  Enviromnent.  Three  rainbow  trout 
tests  and  four  Daphnia  magna  tests  were  carried  out  on  samples  taken  at  Control  Point 
COOIOO.  All  of  the  samples  were  non-lethal.  Thus,  the  existing  wastewater  msmagement 
system  was  considered  as  BAT  Option  1. 


Storm  water  runoff  quality  limits  will  be  established  separately  uoder  MISA,  in  conjunction  with  a  program  to  conduct  a  Stonn 
Water  Control  Study  at  each  site. 
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BAT  Option  2 

Under  40  CFR  Part  415  of  the  U.S.  Federal  Register  (July  1, 1989  Edition),  subpart  AW  for 
the  Oxygen  and  Nitrogen  Production  Subcategory,  BAT  was  not  defined.  However, 
limitations  for  oil  and  grease  and  pH  based  on  the  best  practicable  control  technology  (BPT) 
currently  available  were  defined  for  this  subcategory.  These  recommendations  are  presented 
in  Table  1  and  are  compared  to  actual  data  for  the  Moore  Township  site,  based  on  MISA 
Regulation  monitoring  results. 


Table  1 
U.S.  EPA  BPT  Limits  Compared  to  Data  from  Linde,  Moore  Township  Plant 

Panunclcr 

BPT  Eflluent  Limits^ 

Actual  Values 

Marimiun  for 
I  day 

Average  of  Daily  Values 
for  30  ConsecDtlve  Days 

Iday^ 

Average  Yearly 
Value^ 

Oil  and  Grease  (kgAonne  of  pnxjuct) 
pH 

0.0020 
6.0  to  9.0 

0.0010 
6.0  to  9.0 

0.0018 
6.2  to  9.0 

0.00035 

8.2^» 

Notes: 

1.  Ref.3. 

2.  Based  upon  the  maximum  concentration  and  the  average  flow. 

3.  Range  of  daily  values  for  30  consecutive  days  was  not  available. 

4.  Values  presented  are  for  first  six  months  of  MISA  monitoring.   Dau  for  12  months  of  monitoring  was  not  finalized 

The  values  calculated  for  final  oil  and  grease  loadings  at  the  Moore  plant  show  that  these 
were  well  below  the  BPT  limits  on  average,  and  did  not  exceed  the  maximum  limit. 
Furthermore,  pH  limits  were  met.  Thus,  the  existing  system  at  the  Linde-Moore  plant 
represents  U.S.  BPT,  and  was  considered  as  BAT  Option  2. 


BAT  Option  3 

Five  Ontario  gas  plants  included  in  the  Ontario  Inorganic  Chemical  Sector  were  examined 
as  part  of  this  study.  Table  2  presents  a  comparison  of  main  operating  features  in  the  five 
plants.  Both  cooling  towers  and  once  through  cooling  water  systems  are  used,  in  addition 
to  gravity  oilAvater  separation  of  compressor  condensates.  Although  systems  vary  slightly 
from  plant  to  plant,  in  general,  all  of  these  plants  have  equivalent  technologies  for 
wastewater  management,  and  no  one  plant  could  be  considered  as  representing  the  best  in 
use  in  the  Province.  Thus,  BAT  Option  3  was  defined  as  the  existing  system  at  the  Linde- 
Moore  plant. 
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BAT  Option  4 

Through  an  assessment  of  the  process,  it  is  understood  that  effluent  from  the  plant  will 
contain  contaminants  as  a  result  of  cooling  tower  operations,  and  also  those  present  in 


Table  2 
Comparison  of  Operating  Features  at  Five  Ontario  Gas  Plants 

Plant 

Operating  Feature 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Moore  Township 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  735 
-       Dearborn  Poly-El-PH905 

•  Municipal  water  source. 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Samia 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  735 

-  Dearborn  Poly-El-PH905 

-  Bird-Archer  3057 

•  Municipal  water  source. 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Sauk  Ste.  Marie 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  546 
Dearborn  726 
-       Dearborn  Poly-El-PH905 
Dearborn  747                 # 

•  Cooling  tower  blowdown  solids  are  concentrated  in  a  cyclone  separ- 
ator prior  to  discharge. 

•  Water  source-  Lake  Superior. 

Liquid  Carbonic  Ina  - 
Courtright 

•  Once  through  non-contaa  cooling  water. 

•  Water  source-  ICI  Nitrogen  Products,  Lambton  Works 

Liquid  Carbonic  Inc.  - 
Maitland 

•  Both  once  through  and  cooling  tower  non-contaa  cooling  water  is 
used. 

•  Water  treatment  chemicals: 

Betz  C63P  (bromine) 

-  BetzMS-120 

-  Betz  J- 12 

-  Betz  35106 

-  Betz  K-1-2 

•  Water  source-  onsite  well. 

compressor  condensate,  since  this  makes  up  a  portion  of  the  blowdown.  Cooling  tower 
operations  contribute  contaminants  through  the  addition  of  water  treatment  chemicals,  and 
as  a  result  of  corrosion  of  system  materials.  At  the  Moore  plant,  the  copper  levels  are  not 
excessive,  and  there  is  insufficient  data  to  indicate  whether  their  primary  source  is  a  result 
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of  corrosion  or  from  intake  water.  Because  there  is  no  obvious  indication  of  corrosion,  (i.e. 
high  copper  levels)  copper  removal  is  not  addressed  in  BAT  Option  4. 

Phosphate  based  chemicals  added  to  treat  cooling  tower  make-up  water  to  prevent  corrosion 
of  the  system  are  likely  the  primary  source  of  phosphorus  in  plant  effluents.  Bromination 
of  cooling  tower  make-up  water  for  bacterial  control  is  the  likely  cause  of  bromoform  in 
effluents.  These  chemicals  are  necessary  to  the  operation  of  the  cooling  tower,  and  produce 
an  effluent  that  is  non-toxic.  Ozonation  was  identified  as  an  alternative  to  chemical  addition 
in  a  global  search  for  alternatives  to  reduce  or  eliminate  the  chemical  levels  in  effluents. 
This  process  is  however,  still  in  the  developmental  stages  (Ref.  7)  and  therefore,  cannot  be 
recommended  for  implementation. 

Compressor  condensates  have  been  shown  to  contain  oil  and  grease  in  varying  amounts, 
depending  on  the  type,  maintenance  and  age  of  the  compressor.  One  source  of  oil  and 
grease  present  in  the  plant  effluent  is  the  compressor  condensate  used  as  cooling  tower 
make-up  water,  although  an  undetermined  amount  may  also  be  contributed  from  the 
stormwater  or  raw  water.  Oil  and  grease  levels  in  plant  effluents  are  very  low,  and  their 
primary  source  is  unknown.  Thus,  BAT  Option  4  does  not  include  reduction  of  oil  and 
grease  levels  in  effluents. 

A  review  of  contaminants  detected  in  plant  effluents  indicates  that  most  of  these  are  not 
generated  in  the  process,  but  are  likely  present  in  the  raw  water  and  concentrated  in  the 
cooling  tower  as  a  result  of  evaporation,  and  precipitated,  due  to  the  alkaline  nature  of  the 
operation.  These  contaminants  include;  TSS  including  metal  precipitates,  nitrates  and  TKN, 
chloride,  fluoride,  sulphate,  and  oil  and  grease. 

Technologies  for  the  removal  of  low  levels  of  contaminants  present  in  Linde,  Moore 
effluents  may  be  available  and  have  been  used  in  specific  non-industrial  applications  (e.g. 
drinking  water  treatment).  However,  an  exhaustive,  global  search  carried  out  as  part  of  this 
study  did  not  identify  practical  applications  of  these  technologies  to  treating  indmtrial 
wastewater  effluents  with  similar  contaminant  concentrations.  Thus,  BAT  Option  4  does  not 
include  technologies  for  removal  of  these  contaminants. 

Furthermore,  an  undetermined  portion  of  contaminants  such  as  TSS  may  be  present  in  the 
effluents  through  MISA  Control  Point  COOIOO  from  stormwater  runoff,  which  is  mixed  with 
the  settled  cooling  tower  blowdown  stream  before  monitoring.  General  technologies  for 
improved  TSS  removal  include  improved  settling  and  precipitation  with  chemical  addition 
and  are  presented  in  a  general  technology  report  (Ref.  4).  In  addition,  low  levels  of  oil  and 
grease  may  be  removed  from  plant  effluents  using  an  oil  absorption  column,  presented  in 
a  general  technology  report  (Ref.  5). 

In  the  consideration  of  the  BAT  options,  all  of  the  contaminants  identified  as  Priority  1  by 
the  MOE  were  not  addressed  (i.e.  methylene  chloride).  Careful  review  of  the  processes,  raw 
materials,  products  and  chemicals  used  at  the  plant  within  the  scope  of  this  study  did  not 
reveal  a  source  of  this  contaminant.  Thus,  an  audit  of  the  methylene  chloride  is  necessary, 
and  reduction  or  elimination  of  this  contaminant  in  discharges  will  be  based  on  source 
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controls  through  process  changes,  materials  substitution,  or  best  management  practices. 


BAT  Option  5 

Technologies  that  would  advance  the  plant  further  toward  zero-discharge  were  not  identified 
in  a  global  search.  Cooling  water  provided  by  once  through  or  recirculating  cooling  tower 
systems  are  invariably  used  to  cool  process  equipment  in  industrial  gas  manufacturing. 
Other  cooling  methods,  such  closed-loop  air  cooled  systems,  would  require  very  large  capital 
expenditures  and  land  area  for  expansive  heat  exchange  equipment  requirements,  and  would 
not  be  effective  in  warmer  months  in  Ontario.  Furthermore,  opportunities  for  consumption 
of  cooling  tower  blowdown  or  condensate  do  not  exist  in  the  production  of  nitrogen  gas. 
Therefore,  BAT  Option  5  is  the  existing  wastewater  management  system,  since  technologies 
that  further  the  plant  toward  zero  discharge  of  effluents  were  not  identified. 


Summary 

Table  3  presents  a  summary  of  BAT  Options  for  the  Union  Carbide,  Linde  Moore  Township 
plant. 


Table  3 
Summary  of  BAT  Options  for  Union  Carbide-Linde  Moore  Township  Plant 

BATOpUon 

DeflnittoD 

Description 

1 

Least  cost  producing  non-lethal  efOuent 

No  change  to  existing  system. 

2 

U.S.  BAT 

No  change  to  existing  system. 

3 

Best  demoDstiated  in  Ontario 

No  change  to  existing  system. 

4 

Maximum  overall  pollution  reduction 

No  change  to  existing  system. 

5 

Furthest  towards  zero-discharge  of  contaminants 

No  change  to  existing  system. 

4.0 
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Table  AI ,  Union  Carbide  Canada  Ltd.,  Unde-Moore  TWP. 
Summary  of  Ftows  and  Priority  One  Pollutants 
MISA  Control  Point:  C001 00 
Description:  Combined  -  Rnal  Effluent 

Contaminant 

Urtits 

Concentration  over  12  Month 
Sanping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

10.7 

233 

12 

COD 

mg/L 

40 

100 

70 

0.749 

Hydrogen  Ion  (pH) 

6.2 

838 

11 

Total  Kjeldahl  Nitrogen 

mg/L 

2.3 

2.87 

2.58 

0.028 

Nitrate  and  Nitrite                   -  —    . 

mg/L 

-.   -  10.4 

12.4 

11.4 

0.122 

DOC 

mg/L 

2.5 

-    14.8 

9.55 

0.148 

TOC 

mg/L 

4 

17.3 

.  à^^ 

0.181 

Total  Phosphorus 

mg/L 

0.16 

lE^- 

^  ,.'û*i32 

0.014 

Specific  Conductance 

uS/cm 

414 

i#^^ 

^OS»  894 

Total  Suspended  Solids 

mg/L 

ch 

^t"^^ 

9 

0.11 

Aluminum 

ug/L 

W 

cS^  660 

304 

0.006 

Boron 

ug/L 

20 

2780 

812 

0.011 

Chromium 

ug/L 

20 

70 

27 

0.001 

Copper 

ug/L 

10 

60 

44 

0.001 

Zinc 

ug/L 

10 

250 

114 

0.006 

Arsenic 

ug/L 

16 

17 

16.5 

0.0002 

Bromoform 

ug/L 

17 

26 

21.5 

0.0003 

Methylene  Chloride 

ug/L 

3.5 

9 

6.25 

0.00008 

Oil  and  Grease 

mg/L 

1 

14.4 

2.6 

0.033 

Chloride,  Unfiltered  Reactive 

mg/L 

65.7 

81 

73.4 

0.785 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.8 

4.9 

2.85 

0.03 

Sulphate,  Unfiltered  Reactive 

mg/L 

90 

120 

105 

1.123 

Table  A2 

Toxicity  Data  for  Linde  (Division  of  Union  Carbide  Canada  Limited) 

Moore  Township  Site  for  the  First  Six  Months  of  MISA  Monitoring  Regulation 

Test  Spedes 

Number  of  Samples 

Range  of  Lethal 
Concentration  Data 

Number  of  Non-lethal 
Samples 

Rainbow  irout 
Daphnia  magna 

3 
4 

all  non-lethal 
all  non-lethal 

3 
4 
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Linde 
Moore 


CONCEhrTRATIONS 

LOADINGS  kg/d 

ATG 

PARAMETER 

RMOL 

UNIT 

CO  0100 

CO  0100 

c 

Total  suspended  soRds 

5 

mg/L 

8.78 

0.107 

c 

Hydrogen  ion  (pH) 

8.29 

c 

Specific  conductance 

uS/cm 

899 

c 

DOC 

0.5 

mg/L 

9.84 

0.148 

c 

TOC 

5 

mg/L 

11.8 

0.179 

c 

Oil  and  grease 

1 

mg/L 

2.48 

0.032 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

0.07 

0.001 

c 

Nitrate+NitritB 

0.25 

mg/L 

11.4 

0.122 

c 

TotaJ  Kjeldahl  nitrogen 

0.5 

mg/L 

2.59 

0.028 

c 

Total  phosphorus 

0.1 

mg/L 

0.923 

0.014 

09 

Aluminum 

30 

ug/L 

303 

0.006 

09 

Boron 

50 

ug/L 

746 

0.01 

09 

Chromium 

20 

ug/L 

26.7 

0.001 

09 

Copper 

10 

ug/L 

45.8 

0.001 

09 

Strontium 

20 

ug/L 

549 

0.015 

09 

Zinc 

10 

ug/L 

121 

0.006 

10 

Antimony 

5 

ug/L 

3 

- 

10 

Arsenic 

5 

ug/L 

16.5 

- 

16 

Bromoform 

3.7 

ug/L 

21.5 

- 

16 

Methylene  chloride 

1.3 

ug/L 

6.25 

- 

17 

Toluene 

0.5 

ug/L 

0.43 

- 

19 

Bis(2-ethylhexyl)  phthalate 

2.2 

ug/L 

3.45 

- 

24 

Octachtorotfibenzo—  p— dioxin 

30 

P3/L 

56 

- 

24 

Octachlorodbenzofuran 

30 

pg/L 

75 

- 

24 

Total  H7CDD 

30 

pg/L 

34.5 

■   - 

2 

Cyanide  Total 

0.005 

mg/L 

0.012 

- 

98 

Ftflow 

m3/d 

12.1 

11 

Chloride 

2 

mg/L 

73.4 

0.785 

12 

Fluoride 

0.1 

mg/L 

2.85 

0.03 

13 

Sulphate 

5 

mg/L 

105 

1.124 

Notes: 


CO0100  is  the  'Final  Effiuenr  stream  whicii  discharges  into  the  St.Clair  River. 

Flow  values  were  estimated  due  to  fitting  of  an  incorrectly  oversized  device. 
Flow  and  loading  values  therefore  should  be  treated  with  caution. 


APPENDIX  23 
Union  Carbide  Linde,  Sarnia 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

LINDE  (DIVISION  OF  UNION  CARBIDE  CANADA  LIMITED) 

SARNIASITE 


1.0  PLANT  DESCRIPTION 

Nitrogen  gas  is  produced  at  the  Linde -Union  Carbide  plant  in  Samia  by  extraction 
from  air  using  a  compression  and  distillation  process.  The  remaining  gaseous  com- 
ponents are  vented  to  the  atmosphere.  Gaseous  nitrogen  is  compressed  for  on-site 
storage  and  is  also  transferred  by  pipeline  to  nearby  customers.  There  are  three  separ- 
ate production  units  at  the  plant  site.  Intake  water  from  the  Samia  (Lambton  County) 
municipal  water  supply  is  used  at  the  plant  as  cooling  tower  make-up.  Details  on  the 
plant,  processes  and  wastewater  generation  are  provided  in  the  site  visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

Plant  sanitary  wastewater,  compressor  condensate  from  2  of  the  3  production  units  and 
spills  from  within  all  process  buildings  are  directed  to  a  sanitary  sewer,  which  leads  to 
the  Samia  municipal  wastewater  treatment  facility.  All  other  wastewater  sources  dis- 
charge to  a  single  storm  sewer  which  was  monitored  as  part  of  the  MISA  Regulation 
Monitoring  Program  at  Control  Point  COOIOO.  The  effluent  is  then  discharged  to  the 
Cole  Drain,  which  eventually  discharges  to  the  St.  Qair  River.  All  of  the  wastewater 
sources  contributing  to  COOIOO  are  presented  in  Table  1. 


Table  1 
Sources  of  EfQuent  to  Storm  Sewer                                          | 

DrscrlptioD  ef  Soarcc 

Estimated  Flow  (m^/d) 

Plant  #2  air  compressor  condensate 

Z7 

Blorwdown  from  Plants  #1,#2,  and  #4  cooling  towen 

46.6 

Stonn  water  runoEE 

not  available 

Roof  runoff 

not  available 

Steam  heater  condensate,  three  sources  in  Plant  #2 

1.0 

Steam  condensate  from  the  nitrogen  vaporizing  pit 

IZS 

Total  (12  month  overage  over  MISA  Moaitoring  period) 

173 
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The  only  process  wastewater  generated  in  the  production  of  nitrogen  gas  is  air  com- 
pressor condensate  at  an  estimated  rate  of  2.7  m^/d.  This  wastewater  is  mixed  with 
cooling  tower  blowdown,  storm  water  runoff,  roof  runoff,  steam  heater  condensate,  and 
the  steam  condensate  from  the  nitrogen  vaporizing  pit  prior  to  discharge  through  COO 
100.  The  only  wastewater  stream  that  receives  treatment  prior  to  discharge  is  the  cool- 
ing tower  blowdown  which  passes  through  a  sump  allowing  for  some  settling  to  occur. 
It  is  then  combined  with  storm  water,  steam  heater  condensate,  roof  runoff  and  steam 
condensate  prior  to  discharge  through  MISA  Control  Point  COOIOO. 

During  the  MISA  Regulation  Monitoring  period,  the  average  discharge  rate  through 
Control  Point  COOIOO  was  173  m^/d. 


22  Wastewater  Flows  and  Quality 

Table  Al  in  the  Appendix  presents  the  average,  maximum  and  minium  flow  and  con- 
centration data  for  those  contaminants  defined  by  the  Ministry  of  the  Environment  as 
"Priority  1"  for  the  MISA  Control  Point  COOIOO  at  Linde,  Samia  Site. 


3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  runoff^  were  considered  for 
each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2        -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 


Storm  water  runoff  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program 
to  conduct  a  Storm  Water  Control  Study  at  each  site. 
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Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

nnlliitinn   r<»HiirtiV\n 


pollution  reduction. 


Option  5        -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 


BAT  Option  1 

Toxicity  data  were  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Regulation  Monitoring  period  by  the  Ministry  of  the  Envirormaent.  These  data  are 
presented  in  Table  A2.  Four  rainbow  trout  tests  and  four  Daphnia  magna  tests  were 
carried  out  on  samples  taken  at  Control  Point  COO  100.  The  toxicity  of  the  trout 
samples  ranged  from  80.6  percent  to  non-lethal  with  only  one  non-lethal  sample. 
None  of  the  Daphnia  magna  tests  were  non-lethal.  The  Daphnia  magna  test  results 
ranged  from  43.1  percent  to  greater  than  100  percent. 

A  review  of  the  "Priority  1"  pollutants  presented  in  Table  Al  reveals  no  obvious  toxicity 
source.  Thus,  Linde-Samia  should  consider  implementing  a  Toxicity  Reduction  Study. 

In  order  to  produce  a  non-toxic  effluent,  several  tasks  should  be  considered  within  the 
scope  of  a  Toxicity  Reduction  Study,  including: 

Confirm  the  toxicity  of  the  effluent. 
Enumerate  potential  toxic  contaminants. 
Identify  sources  of  potential  toxic  contaminants. 
Identify  alternatives  to  eliminate  toxic  contaminants. 
Develop  a  toxicity  reduction  management  program. 
Implement  a  toxicity  reduction  management  program. 

One  possible  source  of  toxicity  which  should  be  investigated  in  the  Toxicity  Reduction 
Study  is  the  bromination  of  cooling  water.  Residual  bromine  was  not  considered  in  the 
MISA  Regulation  Monitoring.  The  possibility  therefore  exists  that  bromine  or  bromin- 
ated  compounds  contribute  to  toxicity.  If  the  Toxicity  Reduction  Study  confirms  this 
possibility,  then  an  alternative  biocide  should  be  considered  (Ref.  7). 

Since  BAT  Option  1  is  dependent  upon  the  outcome  of  the  Toxicity  Reduction  Study, 
no  recommendations  concerning  the  application  of  pollution  control  technology  can  be 
made  at  this  time. 
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BAT  Option  2 

Under  40  CFR  Part  415  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  subpart 
AW  for  the  Oxygen  and  Nitrogen  Production  Subcategory,  BAT  was  not  defined. 
However,  limitations  for  oil  and  grease  and  pH  based  on  the  best  practicable  control 
technology  (BPT)  currently  available  were  defined  for  this  subcategory.  These  BPT 
recommendations  are  presented  in  Table  2,  where  they  are  compared  to  actual  data  for 
the  Samia  site,  based  on  MISA  Regulation  monitoring  results. 

The  values  calculated  for  final  oil  and  grease  loadings  at  the  Samia  plant  show  that 
these  slightly  exceed  the  BPT  limits  on  average,  and  exceeded  the  maximum  daily  hmit. 
On  average  the  pH  limits  were  met;  however  the  maximum  pH  recorded  over  the  12 
month  MISA  monitoring  period  slightly  exceeded  the  range  of  acceptable  BPT  pH 
values.  Thus,  the  Linde-Samia  plant  is  close  to  compliance  with  the  U.S.  EPA  BPT  for 
average  values.  However,  the  frequency  of  excursions  above  the  maximum  daily  limit 
should  be  investigated.  If  excursions  occur  frequently,  the  source  of  the  oil  and  grease 
should  be  identified  and  controlled. 


Table  2 
U.S.  EPA  BPT  Limits  Compared  to  Data  from  Linde,  Sarnia  Plant 

Panunelcr 

BPT  Effluent  UmMs^ 

Actoal  Values 

for  1  day 

Average  of  Daily  Values 
for  30  CoDsecathe  Days 

Maximum 
forlday^ 

Ayerage  Yearly 
Valne^ 

Oil  and  Grease  (kgrtonne  of  product) 
pH 

0.0020 
6.0  to  9.0 

0.0010 
6.0  to  9.0 

0.0058 
6.2  to  9.1'* 

0.0011 

7.7 

Notes: 

1.  (Rcf.  3). 

2.  Based  upon  the  manmum  concentration  and  the  average  flow. 

3.  Range  of  daily  values  for  30  consecutive  days  was  not  available. 

4.  The  maximum  and  the  minimum  daily  pHs  are  presented  here,  since  the  pH  limit  is  a  range  of  values. 

During  the  MISA  site  visit,  oil  was  being  discharged  from  one  of  the  process  buildings 
to  the  grovmd  (Ref.  1).  As  well,  according  to  staff  at  Linde-Samia,  Cole  Ditch  over- 
flows periodically  flooding  the  Samia  site  with  water  which  may  become  contaminated 
with  surface  deposited  oils  (Ref.  6).  Based  on  these  observations,  storm  water  nmoff  is 
a  potential  source  of  oils  and  may  contribute  to  the  excursions  above  the  maximum 
daily  limits  as  noted  above.  Stormwater  pollution  prevention  measures  should  be  con- 
sidered to  reduce  the  amount  of  oil  and  grease. 

Compressor  condensates  also  contain  oil  and  grease  in  varying  amounts,  depending  on 
the  type,  maintenance  and  age  of  the  compressor.  Although  compressor  condensate 
does  discharge  to  MISA  Control  Point  COOIOO,  the  compressor  condensate  is  treated 
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using  a  gravity  oilAvater  separator  prior  to  mixing  with  the  cooling  tower  blowdown  and 
storm  water. 

BAT  Option  2  is  defined  as  the  existing  system  at  the  Linde-Samia  plant  which,  when 
coupled  with  stormwater  control,  should  consistently  meet  U.S.  BPT. 


BAT  Option  3 

Five  Ontario  gas  plants  included  in  the  Ontario  Inorganic  Chemical  Sector  were  exam- 
ined as  part  of  this  study.  Each  plant  had  some  unique  operating  features  which  are 
presented  in  Table  3.  Examination  of  these  features  reveals  no  obvious  best  technol- 
ogy. Since  no  one  plant  could  be  considered  as  representing  the  best  wastewater  sys- 
tem in  the  Province,  BAT  Option  3  is  defined  as  the  existing  system  at  the  Linde-Samia 
plant. 


BAT  Option  4 

BAT  Option  4  is  intended  to  provide  maximum  overall  pollution  control.  All  contam- 
inants resulting  from  plant  operations  are  theoretically  controllable.  The  possible 
sources  of  pollution  originating  from  plant  operations  in  the  effluent  include  steam 
condensate,  compressor  condensate  and  cooling  tower  blowdown.  Since  the  steam  is 
non-contact,  the  steam  condensate  should  theoretically  be  distilled  water.  As  men- 
tioned earlier,  the  compressor  condensate  may  be  a  minor  source  of  oU  and  grease  but 
already  has  appropriate  control  technology  in  place.  Cooling  tower  operations  contrib- 
ute contaminants  through  the  addition  of  water  treatment  chemicals,  as  a  result  of  cor- 
rosion of  system  materials  and  through  the  concentrating  effect  achieved  during  its 
operation. 

During  the  MISA  monitoring  period,  Bird-Archer  3057™,  a  zinc/phosphate  buffered 
water  treatment  chemical  was  used.  This  particular  water  treatment  chemical  could  be 
replaced  but  would,  no  doubt,  introduce  other  contaminants  to  the  effluent.  The  aver- 
age zinc  concentration  of  9.5  jig/L  and  the  mean  concentration  of  phosphorus  of  1.03 
mg/L  were  low,  and  hence  replacement  of  the  water  treatment  chemicals  is  not  recom- 
mended. 

At  the  Linde-Samia  plant,  there  are  insufficient  data  to  determine  if  the  primary  source 
of  the  copper  is  a  restilt  of  corrosion  or  due  to  the  concentrating  effect  of  the  cooling 
tower.  Copper  levels  were  not  excessive  (125  iig/L)  and  hence  copper  removal  was  not 
considered  for  BAT  Option  4. 

A  review  of  remaining  contaminants  detected  in  the  final  effluent  indicates  that  most 
are  not  generated  in  the  process  and  may  be  the  result  of  raw  water  contaminants  con- 
centrated by  cooling  tower  operation.  These  contaminants  include  TSS  including  metal 
precipitates,  nitrates  and  TKN,  chloride,  fluoride  and  sulphate. 
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Il                                                                Table  3 

Il                   Comparison  of  Operating  Features  at  Five  Ontario  Gas  Plants 

Plant 

Operating  Feature 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Moore  Township 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  735 
-       Dearborn  Poly-El-PH905 

•  Municipal  water  source. 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Samia 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  735 
-       Dearborn  Poly-El-PH905 
Bird-Archer  3057 

•  Municipal  water  source. 

Linde  (Division  of 
Union  Carbide  Canada 
Ltd.)  -  Sault  Ste.  Marie 

•  Cooling  tower  used. 

•  Water  treatment  chemicals  include: 

Dearborn  546 
Dearborn  726 
-       Dearborn  Poly-El-PH905 
Dearborn  747 

•  Cooling  tower  blowdown  solids  are  concentrated  in  a  (yclone  separ- 
ator prior  to  discharge. 

•  Water  source-  Lake  Superior. 

Liquid  Carbonic  Inc.  - 
Courtright 

•  Once  through  non-contact  cooling  water. 

•  Water  source-  ICI  Nitrogen  Products,  Lambtun  Works 

Liquid  Carbonic  Inc.  - 
Maitland 

•  Both  once  through  and  cooling  tower  non-contact  cooling  water  is 
used. 

•  Water  treatment  chemicals: 

Betz  C63P  (bromine) 

-  Betz  MS-120 

-  Betz  J-12 

-  Betz  35106 

-  Betz  K-1-2 

•  Water  source-  onsite  well. 

Technologies  for  the  removal  of  low  levels  of  contaminants  present  in  the  plant 
effluents,  may  be  available  and  have  been  used  in  specific  non-industrial  applications 
(e.g.  drinking  water  treatment).  However,  an  exhaustive,  global  search  carried  out  as 
part  of  this  study  did  not  identify  practical  applications  of  these  technologies  to  treat 
industrial  wastewater  effluents  with  similar  contaminant  concentrations.  Thus,  BAT 
Option  4  does  not  include  technologies  for  removal  of  these  contaminants. 
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Priority  1  contaminants  with  no  specific  process  source  include  total  heptachlorodiben- 
zodioxin  (H7CDD),  and  octochlorodibenzo-p-dioxin.  Careful  review  of  the  processes, 
raw  materials,  products  and  chemicals  used  at  the  plant  within  the  scope  of  this  study 
did  not  reveal  a  source  of  these  contaminants.  One  possible  soiirce  of  these 
contaminants  suggested  by  Linde,  Samia  is  stormwater.  An  audit  of  the  possible 
sources  of  these  contaminants  is  necessary,  and  reduction  or  elimination  of  these  cont- 
aminants in  discharges  may  be  based  on  source  controls  such  as  process  changes, 
materials  substitution,  storm  water  management  or  best  management  practices. 


BAT  Option  5 

Technologies  that  would  advance  the  plant  further  toward  zero-discharge  of 
contaminants  were  not  identified  in  a  global  search.  Cooling  water  provided  by  once 
through  non-contact  and  recirculation  cooling  tower  systems  is  invariably  used  to  cool 
process  equipment  in  industrial  gas  manufacturing.  Other  cooling  methods,  such 
closed-loops  air  cooled  systems,  would  require  very  large  capital  expenditures,  operating 
costs  (for  electricity)  and  land  area  for  expansive  heat  exchange  equipment  re- 
quirements, and  would  not  be  effective  in  warmer  months  in  Ontario.  Furthermore, 
opportunities  for  consumption  of  cooling  tower  blowdown  or  condensate  do  not  exist  in 
the  production  of  nitrogen  gas.  Therefore,  a  BAT  Option  5  that  includes  technologies 
which  advance  the  plant  furthest  towards  zero  discharge  was  defined  as  the  existing 
system  at  Linde,  Samia. 


Summary 

Table  4  presents  a  summary  of  BAT  Options  for  the  Union  Carbide,  Linde  Samia 
plant. 


Table  4 

Summary  of  BAT  Options  for  Union  Carbide-Linde 

Samia  Plant 

BATOpUoD 

DellnlUon 

Description 

1 

Least  cost  producing  non-lethai 
cfDuent 

Develop  using  the  outcome  of  the  Toadty  Reduction  Study. 

2 

U.S.  BAT 

No  change  to  esdsting  system. 

Recommend  storm  water  management  and  practices  program. 

3 

Best  demonstrated  in  Ontario 

No  change  to  existing  system. 

4 

Maximum  overall  pollution  reduction 

No  change  to  existing  system. 

5 

Furthest  towards  zero-discharge  of 
contaminants 

No  change  to  existing  system. 

TOR/INORG2/904J1 


4.0  REFERENCES 

1.  Inorganic  Chemical  Sector  Plants  Site  Visit  Report-  Linde  (Division  of  Union 
Carbide  Canada  Limited),  Samia  Plant.  March  21,  1991  (unpublished). 

2.  U.S.  EPA,  1980.  Development  Document  for  Effluent  Limitations  Guidelines  and 
Standards  for  the  Inorganic  Chemicals  Manufacturing  Point  Source  Category, 
EAA440/1-79/007. 

3.  U.S.  Federal  Register,  40  CFR  Chapter  1,  July  1,  1989  Edition. 

4.  Telephone  and  telefax  communication  with  Bob  Invin  of  Dearborn  Chemical 
Co.  Ltd.  Mississauga,  Ontario,  September  1989. 

5.  Telephone  and  telefax  communication  with  Randy  Fletcher  of  Linde  -  Union 
Carbide,  Tonawanda,  New  York,  July/Aug/Sept  1991. 

6.  Telephone  and  telefax  communication  with  Enzo  Marrella  of  Linde  -  Union 
Carbide,  Samia,  March/Oct  1991. 

7.  General  Technology  Report,  Water  Treatment  Chemicals  for  BoUer  and  Cooling 
Tower  Make-up. 


TOR/INORG2/904.51 


APPENDK 

Tables 


TOR/INORG2/90431 


Table  Al,  Union  Cartkje  Canada  Lîd..  Sarnia 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO01 00 
Description:  Combined  -  To  Cole  Dr. 

Contaminant 

Units 

Concentration  over  12  Montti 
Sanping  Period 

Loading 
(kg/d)    . 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

65.5 

13800 

173 

COD 

mg/L 

40 

110 

75 

4.93 

Hydrogen  Ion  (pH) 

6.2 

9.1 

7.7 

Ammonia  Plus  Ammonium 

mg/L 

0.28 

0.33 

0.305 

0.02 

Total  Kjeldahl  Nitrogen 

mg/L 

3.88 

3.95 

3.92 

0.258 

Nitrate  and  Nitrite 

mg/L 

3.49 

3.9 

3.7 

0.244 

DOC 

mg/L 

2.7 

•     18.9 

10.7 

0.893 

TOC 

mg/L 

4.2 

30.4 

13.1 

1.17 

Total  Phosphoms 

mg/L 

0.29 

3.72 

1.03 

0.096 

Specific  Conductance 

uS/cm 

379 

1840 

873 

Total  Suspended  Solids 

mg/L 

1 

98 

11 

7.4 

Aluminum 

ug/L 

20 

1340 

368 

0.034 

Boron 

ug/L 

20 

3290 

930 

0.079 

Copper 

ug/L 

40 

340 

125 

0.01 

Strontium 

ug/L 

350 

650 

496 

0.038 

Zinc 

ug/L 

160 

930 

445 

0.034 

Arsenic 

ug/L 

7 

12 

9.5 

0.001 

•Total  H7CDD 

pg/L 

67 

170 

118 

2.02E-08 

•Octochlorodibenzoi3-dioxin 

pg/L 

580 

590 

585 

1.01  E-07 

Oil  and  Grease 

mg/L 

1 

13.4 

2.6 

0.246 

Chloride,  Unfiltered  Reactive 

mg/L 

61 

71.9 

66.4 

4.38 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.6 

3 

1.8 

0.118 

Sulphate,  Unfiltered  Reactive 

mg/L 

100 

140 

120 

7.91 

Note-  *  These  toadings  were  detennined  using  the  mean  flow  and  concentration  data.           | 

Table  A2 
Toxicity  Data  for  Linde-Samia  Plant  Site 
for  the  First  Six  Months  of  NQSA  Monitoring  Regulation                          | 

Test  Species 

Number  of  Samples 

Range  of  Lethal  Concentra- 
tion  Data 

Number  of  Non- 
lethal  Samples 

Rainbow  trout 
Daphnia  magna 

4 
4 

80.6  %-  non-lethal 
43.1%  to  >100% 

1 
none 
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Linde 
Samia 


CONCENTRATION 

LOADINGS  kg/d 

ATG 

PARAMETER 

RMDL 

UNIT 

CO  0100 

CO  0100 

c 

Total  suspended  solids 

5 

mg/L 

10.5 

6.8 

c 

Hydrogen  ion  (pH) 

7.77 

c 

Specific  conductance 

uS/cm 

876 

c 

DOC 

0.5 

mg/L 

10.6 

0.869 

c 

TOC 

5 

mg/L 

12.9 

1.13 

c 

Oil  and  grease 

1 

mg/L 

2.51 

0.232 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

0.305 

0.02 

c 

Nitrate + Nitrite 

0.25 

mg/L 

3.7 

0.244 

c 

Total  l^eldahl  nitrogen 

0.5 

mg/L 

3.92 

0.259 

c 

Total  phosphorus 

0.1 

mg/L 

1.06 

0.096 

09 

Aluminum 

30 

ugA. 

281 

0.031 

09 

Boron 

50 

ug/L 

854 

0.072 

09 

Copper 

10 

ug/L 

134 

0.01 

09 

Strontium 

20 

ug/L 

489 

0.037 

09 

Zinc 

10 

ug/L 

454 

0.034 

10 

ArTtimorry 

5 

ug/L 

4.5 

0.001 

10 

Arsenic 

5 

ug/L 

9.5 

0.001 

14 

Phenolics  (4AAP) 

2 

ug/L 

2.5 

- 

16 

1 ,1  —Dichloroe  thane 

0.8 

ug/L 

0.8 

- 

16 

Bromoform 

3.7 

ug/L 

8 

0.001 

16 

Chloroform 

0.7 

ug/L 

0.65 

- 

16 

Methylene  chloride 

1.3 

ug/L 

6.6 

0.001 

17 

Toluene 

0.5 

ug/L 

0.38 

- 

19 

Bis(2-ethylhexyl)  phthalate 

2.2 

ug/L 

3.5 

- 

24 

Octachlorodibenzo— p— dioxin 

30 

pg/L 

585 

- 

24 

Octachlorodibenzofuran 

30 

pon. 

54.5 

- 

24 

Total  H6CDD 

30 

pg/L 

31 

- 

24 

Total  H6CDF 

20 

pg/L 

24.5 

- 

24 

Total  H7CDD 

30 

pgA- 

119 

- 

24 

Total  H7CDF 

30 

P9/L 

38 

- 

98 

Ftfiow 

m3/d 

164 

11 

Chloride 

2 

mg/L 

66.5 

4.38 

12 

Fluoride 

0.1 

mg/L 

1.8 

0.119 

13 

Sulphate 

5 

mg/L 

120 

7.91 

Notes: 


CO0100  is  the  "Effluent  to  Cote  Drain  from  Cooling  Towers*. 
The  Cole  Drain  discharges  into  the  St.  Clair  River. 

Flow  readings  were  estimated  due  to  the  fitting  of  an  oversized  device. 
Flow  and  loading  values  therefore  should  be  treated  with  caution. 
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ONTARIO  INORGAMC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

LINDE  (DIVISION  OF  UNION  CARBIDE  CANADA  LIMITED) 

SAULT  STE.  MARIE  SITE 


1.0  PLANT  DESCRIFnON 

Nitrogen,  oxygen  and  argon  gases  are  produced  at  the  Linde-Union  Carbide  plant  in 
Sault  Ste.  Marie  by  extraction  from  air  using  a  compression  and  distillation  process. 
The  remaining  gaseous  components  of  the  air  are  vented  to  the  atmosphere.  Gaseous 
nitrogen,  oxygen  and  argon  are  transferred  by  pipeline  to  the  nearby  Algoma  Steel  Mill. 
Intake  water  from  the  Lake  Superior  is  supplied  by  Algoma  Steel  and  is  used  at  the 
plant  as  cooling  tower  make-up.  Details  on  the  plant,  processes  and  wastewater  gener- 
ation are  provided  in  the  site  visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

Domestic  sanitary  wastewater  from  the  west  end  of  the  plant  site  flows  to  the  municipal 
sanitary  sewer.  Sanitary  wastewater  from  the  east  end  of  the  plant  site  is  discharged  to 
a  concrete  sewage  holding  tank,  whose  contents  are  periodically  hauled  offsite.  Floor 
drains  in  the  maintenance/stores  building  in  this  area  also  flow  to  the  same  concrete 
sewage  holding  tank  through  an  underground  oilAvater  separator. 

All  other  wastewater  sources,  including  cooling  tower  blowdown,  storm  water  and  com- 
pressor condensate  are  collected  in  a  common  sump  prior  to  discharge  to  a  single 
storm  sewer  which  was  monitored  as  part  of  the  MISA  Regulation  Monitoring  Program 
at  Control  Point  COOIOO.  The  effluent  is  then  discharged  to  an  open  ditch  leading  to 
Davigneaux  Creek  and  ultimately  to  the  St.  Mary's  River. 

The  only  process  wastewater  generated  in  the  production  of  nitrogen,  oxygen  and  argon 
is  air  compressor  condensate,  at  an  estimated  rate  of  16  m^/d.  This  condensate  is 
directed  through  an  oilAvater  separator  before  combining  with  other  flows  in  a  common 
sump.  Cooling  tower  blowdown  passes  through  a  cyclone  separator  to  remove  solids 
(as  a  slurry).  The  treated  water  is  returned  as  make-up  water  to  the  cooling  tower,  and 
the  slurry  is  discharged  to  the  common  sump.  Storm  water  collected  in  the  storm 
sewer  system  servicing  the  central  area  of  the  plant  site  also  flows  to  the  common 
sump.  This  smnp  allows  for  limited  settling  to  occur  prior  to  discharge  through  MISA 
Control  Point  COOIOO. 
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During  the  MISA  Regulation  Monitoring  period,  the  average  discharge  rate  through 
Control  Point  COOIOO  was  672  mVd. 


22  Wastewater  Flows  and  Quality 

Table  Al  in  the  Appendix  presents  the  average,  maximum  and  minium  flow  and  con- 
centration data  for  those  contaminants  defined  by  the  Ministry  of  the  Environment  as 
"Priority  1"  for  the  MISA  Control  Point  COOIOO  at  the  Linde,  Sault  Ste.  Marie  site. 


3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  five  BAT  options  for  management  of 
wastewater,  with  the  exception  of  storm  water  runoff^  should  be  considered  for  each 
Ontario  Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2        -  A  BAT  option(5)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5        -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 


Stono  water  ninoff  quality  limits  will  be  established  separately  tinder  MISA,  in  conjunction  with  a  program 
to  conduct  a  Sionn  Water  Control  Study  at  each  site. 
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Each  of  these  options  are  addressed  in  the  following  discussion. 


BAT  Option  1 

Toxicity  data  were  collected,  compiled  and  verified  for  the  first  six  months  of  the  MISA 
Monitoring  Regulation  period  by  the  Ministry  of  the  Environment.  Four  rainbow  trout 
tests  and  four  Daphnia  magna  tests  were  carried  out  on  samples  taken  at  Control  Point 
COOIOO.  All  of  the  trout  samples  were  non-lethal.  The  results  of  the  Daphnia  magna 
tests  ranged  from  greater  than  100  percent  to  non-lethal,  with  3  non-lethal  samples. 
Thus,  the  existing  wastewater  management  system  was  defined  as  BAT  Option  1. 


BAT  Option  2 

Under  40  CFR  Part  415  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  subpart 
AW  for  the  Oxygen  and  Nitrogen  Production  Subcategory,  BAT  was  not  defined. 
However,  limitations  for  oil  and  grease  and  pH  based  on  the  best  practicable  control 
technology  (BPT)  currently  available  were  defined  for  this  subcategory.  These  recom- 
mendations are  presented  in  Table  1  and  are  compared  to  actual  data  for  the  Sault  Ste. 
Marie  site,  based  on  MISA  Monitoring  Regulation  results. 


1                                                              Table  1 

U.S.  EPA  BPT  Limits  Compared  to  Data  from  Sault  Ste.  Marie  Plant 

Parameter 

BPT  Effluent  Umils^ 

Actual  Values 

Maximum 
for  I  day 

Average  »t  Daily  Values  for 
30  Consccatire  Days 

Maximum 
forlday^ 

Average  Yearly 
Valne^ 

Oil  and  Grease  (kgAonne  of  product) 
pH 

0.0020 
6.0  to  9.0 

0.0010 
6.0  to  9.0 

0.0035 
6.2  -9.2^* 

0.0013 

Notes: 

1.  (Ret  3). 

2.  Based  upon  the  maximiim  concentiatioa  and  the  average  flow.                                                                                 1 

3.  Range  of  daily  values  for  30  consecutive  days  was  not  available. 

4.  Since  pH  has  both  a  minimum  and  maximum  rang«,  th<!  minimum  anrf  ihp  maximiim  riaijy  valiim  arp  pmmtpd 
for  comparison. 

The  values  calculated  for  final  oil  and  grease  loadings  at  the  Sault  Ste.  Marie  plant 
show  that  these  were  insignificantly  higher  than  the  BPT  limits  on  average,  and  shghtly 
exceeded  the  maximum  daily  limit  at  least  once.  The  average  pH  limits  were  met,  how- 
ever, the  maximum  daily  pH  reading  over  a  year  was  slightly  exceeded  at  least  once. 
Thus,  in  general,  the  Linde-Sault  Ste.  Marie  plant  is  in  compliance  with  the  U.S.  EPA 
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BPT.  However,  the  frequency  of  excursion  from  the  maximum  daily  limit  should  be 
investigated.  If  excursions  occur  frequently,  the  source  of  the  oil  and  grease  should  be 
identified  and  controlled. 

BAT  Option  2  is  defined  as  existing  wastewater  treatment  at  the  Linde-Sault  Ste.  Marie 
plant. 


BAT  Option  3 

Five  Ontario  gas  plants  included  in  the  Ontario  Inorganic  Chemical  Sector  were  ex- 
amined as  part  of  this  study.  Each  plant  has  unique  operating  features  which  are  pre- 
sented in  Table  2.  Examination  of  these  features  reveals  no  obvious  best  technology. 
Since  no  one  plant  could  be  considered  as  representing  the  best  wastewater  manage- 
ment system  in  the  Province,  BAT  Option  3  is  defined  as  the  existing  system  at  the 
Linde-Sault  Ste.  Marie  plant. 


BAT  Option  4 

BAT  Option  4  is  intended  to  provide  maximum  overall  pollution  control.  All  contam- 
inants resisting  from  plant  operations  are  theoretically  controllable.  The  possible 
sources  of  pollution  originating  from  plant  operations  in  the  effluent  include: 

•  Steam  condensate 

•  Compressor  condensate 

•  Cooling  tower  blowdown 

Contamination  originating  from  the  steam  can  be  ruled  out  since  the  steam  is  non-con- 
tact and  therefore  should  be  distilled  water. 

Compressor  condensates  have  been  shown  to  contain  oil  and  grease  in  varying 
amounts,  depending  on  the  type,  maintenance,  and  age  of  the  compressor.  At  the 
Linde-Sault  Ste.  Marie  plant,  the  oil  and  grease  from  the  compressor  condensate  is 
already  treated  using  a  gravity  oilAvater  separator  prior  to  discharge  to  the  MISA  Con- 
trol Point.  An  undetermined  amount  of  oil/grease  may  also  originate  from  the 
stormwater  or  the  raw  water.  Since  the  oil  and  grease  levels  in  the  plant  effluent  are 
very  low  (2.2  mg/L),  BAT  Option  4  does  not  include  reduction  of  oil  and  grease  levels 
in  the  effluent. 

Apart  from  the  oil/grease,  the  compressor  condensate  is  basically  moisture  from  atmos- 
pheric air,  and  it  is  unlikely  that  this  is  a  source  of  any  other  contaminants. 
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Table  2 
GomparisoD  of  Operating  Features  at  Five  Ontario  Gas  Plants 


Plant 


Linde  (Division  of 
Union  Carbide 
Canada  Ltd.)  -  Moore 
Township 


Linde  (Division  of 
Union  Carbide 
Canada  Ltd.)  -  Samia 


Linde  (Division  of 
Union  Carbide. 
Canada  Ltd.)  -  Sault 
Ste.  Marie 


Liquid  Carbonic  Inc. 
-  Courtright 


Liquid  Carbonic  Inc. 
-  Maitland 


Operating  Feature 


Cooling  tower  used. 

Water  treatment  chemicals  include: 

-  Dearborn  735 

-  Dearborn  Poly-El-PH905 
Municipal  water  source. 


Cooling  tower  used. 

Water  treatment  chemicals  include: 

-  Dearborn  735 

-  Dearborn  Poly-El-PH905    • 

-  Bird-Archer  3057 
Municipal  water  source. 


Cooling  tower  used. 

Water  treatment  chemicals  include: 

-  Dearborn  546 

-  Dearborn  726 

-  Dearborn  Poly-El-PH905 

-  Dearborn  747 

Cooling  tower  blowdown  solids  are  concentrated  in  a  cyclone  separ- 
ator prior  to  discharge. 
Water  source-  Lake  Superior^ 


Once  through  non-contaa  cooling  water. 

Water  source-  ICI  Nitrogen  Products,  Lambton  Works 

Both  once  through  and  cooling  tower  non-contaa  cooling  water  is 

used. 

Water  treatment  chemicals: 

-  Betz  C63P  (bromine) 

-  BetzMS-120 

-  Bet2J-12 

-  Betz  35106 

-  Betz  K-1-2 

Water  source-  onsite  well. 


Cooling  tower  operations  contribute  contaminants  through  the  addition  of  water  treat- 
ment chemicals,  as  a  result  of  corrosion  of  system  materials  and  through  the  concen- 
trating effect  of  the  nature  of  its  operation. 

The  water  treatment  chemicals  are  likely  a  direct  soxirce  of  phosphates  and  may  be  an 
indirect  source  of  the  chloroform.  The  raw  water  is  treated  with  a  biocide,  Dearborn 
747,  which  is  an  11  percent  solution  of  sodium  hypochlorite.  Although  residual  chlorine 
was  not  monitored  as  part  of  the  MISA  Monitoring  Regulation,  this  treatment  chemical 
may  have  reacted  with  organics  in  the  cooling  water  to  produce  chloroform.  Since  raw 
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water  quality  data  were  not  available,  the  possibility  for  the  raw  water  being  the  pri- 
mary source  of  the  chloroform  also  exists. 

If  an  alterative  water  treatment  chemical  is  considered,  other  chemicals  will  be  intro- 
duced into  the  plant  effluent  The  mean  concentration  of  phosphorus  was  1.07  mg/L 
and  the  mean  concentration  of  chloroform  was  0.004  jig/L.  These  concentrations  are 
not  excessive  and  replacement  of  the  chemicals  may  not  improve  the  existing  conditions 
significantly  (Ref.  6).  Hence,  BAT  Option  4  does  not  consider  replacing  the  water 
treatment  chemicals. 

Although  corrosion  has  been  identified  as  a  source  of  copper  in  some  gas  plants  in  the 
U.S.  (Ref.  2  and  Ref.  5),  there  is  no  concrete  evidence  that  corrosion  is  a  problem  at 
the  Linde-Sault  Ste.  Marie  plant.  The  mean  copper  concentration  at  the  Sault  Ste. 
Marie  plant  (332  jig/L)  is  higher  than  the  mean  effluent  concentrations  at  the  other  gas 
plants,  but  it  is  still  not  considered  to  be  excessive.  The  elevated  copper  concentrations 
are  likely  a  result  of  the  concentrating  effects  of  the  operation  of  the  cooling  tower 
coupled  with  the  practice  of  removing  the  solids  from  the  cooling  tower  blowdown 
using  a  cyclone  separator,  and  discharging  this  slurry  with  the  final  effluent.  Hence, 
copper  removal  was  not  considered  for  BAT  Option  4. 

A  review  of  remaining  contaminants  detected  in  the  final  effluent  indicates  that  most  of 
these  are  not  generated  in  the  process,  but  may  be  the  result  of  raw  water 
contaminants  concentrated  by  cooling  tower  operation.  These  contaminants  include; 
TSS  including  metal  precipitates,  nitrates  and  TKN,  chloride,  fluoride  and  sulphate. 

Technologies  for  the  removal  of  these  low  levels  of  contaminants  present  in  the  efflu- 
ents may  be  available  and  have  been  used  in  specific  non-industrial  applications  (e.g. 
drinking  water  treatment).  However,  an  exhaustive,  global  search  carried  out  as  part  of 
this  study  did  not  identify  practical  applications  of  these  technologies  to  treating  indus- 
trial wastewater  effluents  with  similar  contaminant  concentrations.  Thus,  BAT  Option 
4  does  not  include  technologies  for  removal  of  these  contaminants. 

Priority  1  contaminants  with  no  specific  process  source  include  total  heptachlorodi- 
benzodioxin  (H7CDD),  methylene  chloride,  and  octochlorodibenzo-p-dioxin.  Careful 
review  of  the  processes,  raw  materials,  products  and  chemicals  used  at  the  plant  within 
the  scope  of  this  study  did  not  reveal  a  source  of  these  contaminants.  An  audit  of  the 
possible  sources  of  these  contaminants  are  necessary,  and  reduction  or  elimination  of 
these  contaminants  in  discharges  will  be  based  on  source  controls  through  process 
changes,  materials  substitution,  or  best  management  practices. 

Based  on  the  above  discussion,  BAT  Option  4  is  defined  as  the  existing  system  at  the 
Linde,  Sault  Ste.  Marie  Plant. 
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BAT  Option  5 

Technologies  that  would  advance  the  plant  further  toward  zero-discharge  of 
contaminants  were  not  identified  in  a  global  search.  Cooling  water  provided  by  once 
through  non-contact  and  recirculation  cooling  tower  systems  are  invariably  used  to  cool 
process  equipment  in  industrial  gas  manufacturing.  Other  cooling  methods,  such 
closed-loops  air  cooled  systems,  would  require  very  large  capital  expenditures,  hydro- 
electric consumption  and  land  area  for  expansive  heat  exchange  equipment  require- 
ments, and  would  not  be  effective  in  warmer  months  in  Ontario.  Furthermore,  oppor- 
tunities for  consumption  of  cooling  tower  blowdown  or  condensate  do  not  exist  in  the 
production  of  nitrogen  gas.  Therefore,  BAT  Option  5  that  represents  the  furthest  zero 
contaminant  discharge  was  recommended  as  the  existing  system. 


Summary 

Table  3  presents  a  summary  of  BAT  Options  for  the  Union  Carbide,  Linde  Sault  Ste. 
Marie  plant. 


Table  3 

Summary  of  BAT  Options  for  Union  Carbide-Linde 

Sault  Ste.  Marie  Plant 

BATOpUon 

Delliiltion 

Descriplion 

1 

Least  cost  producing  non-leihai  effluent 

No  change  to  existing  system. 

2 

U.S.  BAT 

No  change  to  existing  system. 

3 

Best  demonstrated  in  Ontario 

No  change  to  existing  system. 

4 

Maximum  overall  pollution  reduction 

No  change  to  existing  system. 

5 

Furthest  towards  zero-discharge  of  contaminants 

No  change  to  existing  system. 
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Table  AI,  Union  Carbide  Canada  Ltd., 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0100 
Description:  Combined  -  Outfall  At  Safety  Drive 

Sault  Ste.  Marie 

Contaminant 

Units 

Concentratwn  over12  Montti 
Samping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

1.4 

6670 

672 

COD 

mg/L 

22 

60 

41 

13.309 

Hydrogen  Ion  (pH) 

6.2 

9.2 

8.48 

Nitrate  and  Nitrite 

mg/L 

0.77 

2.3 

1.54 

0.51 

DOC 

mg/L 

0.9 

21.4 

9.6 

8.647 

TOC 

mg/L 

1.7 

23 

13.1 

w^9c — 

11.172 

Total  Phosphorus 

mg/L 

0.01 

3.18 

^^^ 

1.117 

Specific  Conductance 

uS/cm 

150 

'M 

P  v.\d^ 

Total  Suspended  Solids 

mg/L 

1 

jm.  \^-  19 

14.124 

VSS 

mg/L 

gd 

sZ"^ 

34.4 

9.143 

Aluminum 

ug/L 

w 

çja^960 

402 

0.14 

Boron 

ug/L 

20 

2560 

677 

0.314 

Copper 

ug/L 

10 

1170 

332 

0.196 

Strontium 

ug/L 

40 

200 

144 

0.086 

Zinc 

ug/L 

20 

280 

166 

0.119 

Chloroform 

ug/L 

0.9 

17 

8.95 

0.004 

•Methylene  Chloride 

ug/L 

1.6 

3 

2.3 

0.00155 

•Total  H7CDD 

pg/L 

340 

10000 

5170 

2.18E-05 

*Octachlorodibenzo-p-dioxin 

pg/L 

2700 

62000 

32400 

3.47E-06 

Oil  and  Grease 

mg/L 

1 

6 

2.2 

0.99 

Chloride,  Unfiltered  Reactive 

mg/L 

19 

23 

21 

5.195 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.2 

0.4 

0.3 

0.047 

Sulphate,  Unfiltered  Reactive 

mg/L 

26 

40 

33 

8.973 

Note:  *  These  loadings  were  determii 

led  using 

the  mean  flow  and  me 

an  concentr 

ation. 

Table  A2 

Toxicity  Data  for  Linde  (Division  of  Union  Carbide  Canada  Limited) 

Sauit  Ste.  Marie  Site  for  the  First  Six  Months  of  MISA  Monitoring  Regulation 

TestSpedes 

Number  of  Samples 

Range  of  L^hal 
Concentratioa  Data 

Nnmber  of  Non-Iethal 
Samples 

Rainbow  trout 
Daphnia  magna 

4 
4 

all  non-lethal 
>  100  %  to  non-Ieihal 

4 
3 
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Linde 

Sault  Ste  Marie 


CONCEhTTRATtONS 

LOADINGS  kg/d 

ATG 

PARAMETER 

RMDL 

UNIT 

CO  0100 

CO  0100 

c 

Total  suspended  solids 

5 

mg/L 

19.3 

6.26 

c 

Hydrogen  ion  (pH) 

8.48 

c 

Specific  conductance 

uS/cm 

468 

c 

DOC 

0.5 

mg/L 

9.55 

2.52 

c 

TOC 

5 

mg/L 

13.1 

3.39 

c 

Oil  and  grease 

1 

mg/L 

2.25 

0.617 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

0.073 

0.026 

c 

Nitrate+NHritB 

0.25 

mg/L 

1.54 

0.51 

c 

Total  Kjeldahl  nitrogen 

0.5 

mg/L 

0.935 

0.388 

c 

Total  phosphorus 

0.1 

mg/L 

1.07 

0.268 

09 

Aluminum 

30 

ug/L 

403 

0.088 

09 

Boron 

50 

ug/L 

677 

0.295 

09. 

Copper 

10 

ug/L 

333 

0.118 

09 

Strontium 

20 

ug/L 

144 

0.041 

09 

Zinc 

10 

ug/L 

166 

0.041 

14 

Phenolics  (4AAP) 

2 

ug/L 

2 

0.001 

16 

1 ,3— Oichlorobenzene 

1.1 

ug/L 

0.7 

0.001 

16 

1 ,4— Oichlorobenzene 

1.7 

ug/L 

1.1 

0.001 

16 

Bromom  ethane 

3.7 

ug/L 

3.39 

0.002 

16 

Chloroform 

0.7 

ug/L 

8.95 

0.0O4 

16 

Cis— 1 ,3— Dichloropropylene 

1.4 

ug/L 

1.1 

0.001 

16 

Methylene  chloride 

1.3 

ug/L 

2.3 

0.001 

17 

Styrene 

0.5 

ug/L 

0.63 

- 

24 

Octachlorodibenzo— p— dioxin 

30 

pg/L 

32400 

- 

24 

Octachlorodibenzofuran 

30 

pgA. 

285 

- 

24 

Total  H6CDD 

30 

P9/L 

470 

- 

24 

Total  H6CDF 

20 

P9^. 

300 

- 

24 

Total  H7CDD 

30 

pgA. 

5170 

- 

24 

Total  H7CDF 

30 

pg/L 

373 

- 

24 

Total  PCDD 

20 

pg/L 

50 

- 

2 

Cyanide  Total 

0.005 

mg/L 

0.021 

0.001 

98 

Ftflow 

m3/d 

249 

11 

Chloride 

2 

mg/L 

21 

5.2 

12 

Fluoride 

0.1 

mg/L 

0.3 

0.047 

13 

Sulphate 

5 

mg/L 

33 

8.97 

Notes 


CO0100  is  the  "Effluent  from  OutfaD  at  Safety  Drive". 

This  effluent  is  discharged  to  the  St.  Marys  River  and  Lake  Superior. 

Flow  data  and  badings  should  be  treated  with  caution;  an 
estimation  method  was  used  for  much  of  the  monitored  period. 


APPENDIX  25 
Washington  Mills  Limited 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

WASHINGTON  MILLS  LIMITED 


1.0  PLANT  DESCRIPTION 

Washington  Mills  Ltd.  in  Niagara  Falls,  produces  fused  aluminum  oxide  abrasives. 
Molten  aluminum  oxide,  formed  in  an  electric  arc  furnace  from  the  melting  of  raw 
materials  bauxite,  coke,  iron  borings  and  magnesium  oxide,  is  cooled  and  solidified, 
crushed,  and  ground,  and  classified  according  to  size  for  sale.  By-product  ferro-silicon 
is  periodically  removed  from  the  furnace  and  crushed  for  sale. 

Water  from  an  onsite  well  is  used  for  contact  cooling  of  the  furnace  and  cooling  pots. 
Municipal  water  is  used  as  make-up  to  a  closed  loop,  non-contact  cooling  water  system 
for  the  transformer  and  other  furnace  components.  It  is  cooled  by  heat  exchange  with 
well  water. 

Details  on  the  plant  production  processes  and  wastewater  management  system  are 
provided  in  the  site  visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

Contact  cooling  water  is  the  only  process  effluent  generated  in  the  production  of 
aluminum  oxide  abrasives.  Non-process  related  effluents  include  periodic  overflow  of 
a  municipal  water  reservoir,  used  for  the  closed  loop  cooling  system,  and  storm  water. 

Cooling  water,  storm  water  from  production  areas  and  municipal  water  overflow  that 
had  been  settled  in  a  series  of  three  concrete  overflow  basins  were  monitored  during 
the  MISA  Monitoring  Regulation  period  at  Control  Point  COOIOO.  Storm  water  from 
non-production  areas  was  monitored  at  ST0200,  and  intake  water  from  the  onsite  well 
at  IN0400. 


2.2  Wastewater  Flows  and  Quality 

Table  Al  in  the  Appendix  presents  average,  maximum  and  minimum  flow  and  concen- 
tration data  for  those  contaminants  defined  by  the  Ministry  of  the  Enviroimaent  as 
"Priority  1"  for  MISA  Control  Point  COOlOO.  Table  A2  presents  "Priority  1" 
contaminants  for  intake  water  measured  at  IN0400. 
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3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  five  BAT  options  for  management  of 
wastewater,  with  the  exception  of  storm  water  runoff\  were  considered  for  each 
Ontario  Inorganic  Chemical  Sector  plant: 

Option  1        -  A  least  cost  BAT  option  that  acWeves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2        -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  discussion. 


BAT  Option  1 

Toxicity  data  collected  and  compiled  for  the  first  six  months  of  the  MISA  Monitoring 
Regulation  period  by  the  Ministry  of  the  Environment  are  presented  in  Table  A3.  Six 
tests  on  rainbow  trout  and  Daphnia  magna  were  carried  out  on  samples  collected  at 
Control  Point  COO  100.  All  six  samples  were  non-lethal  to  rainbow  trout,  while  four  of 


Storm  water  runoCT  quality  limits  will  be  establisbed  separately  under  MISA,  in  œcjuDclioD  with  a  program  to 
conduct  a  Storm  Water  Control  Study  at  each  site. 
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six  were  non-lethal  to  Daphnia  magna.  The  remaining  two  samples  had  a  minimum 
lethal  concentration  of  86  percent. 

The  toxicity  results  indicate  that  effluent  at  COOIOO  is  non-lethal  to  the  test  species, 
and  therefore,  no  change  to  the  existing  system  is  recommended  for  BAT  Option  1. 
There  is  insufficient  information  to  evaluate  the  cause  of  the  two  toxic  results.  Further 
testing  to  confirm  toxicity,  and  if  required,  a  toxicity  reduction  study,  would  be  recom- 
mended to  achieve  non-lethality  on  a  continuing  basis. 


BAT  Option  2 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,- 1989  Edition),  BAT  and  effluent 
Umitations  were  not  defined  for  the  abrasives  manufacturing  sub-category.  Further- 
more, a  search  for  "sister"  abrasives  plants  in  the  U.S.  found  that  technologies  for 
wastewater  control  more  advanced  than  those  existing  in  Ontario  were  not  used  (Ref. 
2).  Thus,  a  BAT  Option  2  was  not  defined. 


BAT  Option  3 

Four  abrasives  manufacturing  plants  are  included  in  the  Ontario  Inorganic  Chemical 
Sector.  All  plants  incorporate  settling  and  recycle  of  contact  cooling  water  with  dis- 
charge of  overflows.  Table  1  presents  a  comparison  of  major  process  related 
contaminants  discharged  from  the  four  plants.  Since  more  advanced  technologies  are 
not  being  used  for  wastewater  control  at  any  Ontario  plant,  and  the  quality  of  effluents 
do  not  vary  significantly  fi-om  plant  to  plant,  BAT  Option  3  does  not  include  any 
changes  to  the  existing  system  at  Washington  Mills. 


Table  1 
Comparison  of  EfOuents  from  Four  Ontario  Abrasives  Plants  ^'^ 

Parameter 

ExoloD  ESK  Com- 
pany of  Canada 

Norton  Aihanced 
Ceramics  of 
Canada  Idc^ 

Washincton  Milk 

Washington  MiUs 

Etedro-Mhtcrals 

Coq».^ 

Flow  (m^/d) 

9,440 

7,430 

1,988 

17,810 

TSS 

mg/L 
kg/d 

19 
185 

17 
123 

20  " 
41 

5.2 
94 

Alumlnnm 

ng/L 
kg/d 

280 

2.7 

1433 
10.7 

68 
0.14 

159 
2.8 
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Table  1 
Comparison  of  EfHuents  from  Four  Ontario  Abrasives  Plants  ^'^ 

Pmramelcr 

Exoloa  ESK  Com' 

Norton  Kiruactd 
Ccrunksof 
Canada  loc^ 

Washingtoa  MIU( 
Ud.^ 

Ekctto^inenis 
Coqi.* 

OU  «Grace 

mg/L 
kg/d 

n.p. 
n.p. 

6.1 

12.2 

1.2 

20.7 

Noies: 

1.  Average  flows  and  loadings,  and  mean  œncentraiions  measured  over  12  months  of  MISA  Monitoring  Regu- 
lation period. 

2.  .           Conuminant  loads  are  not  directly  comparable  and  should  be  basad  on  production  rates.  Production  rates 
1                  were  unavailable  for  most  plants. 

3.  Measured  at  Control  Point  COOIOO  at  Exolon  ESK. 

4.  Measured  at  Control  Point  CO0200,  CO0300  and  CO0400  at  Norton. 

5.  Measured  at  Control  Point  COOIOO  at  Washington  Mills  Ltd. 

6.  Measured  at  Control  Point  COOIOO  and  CO0200  at  Washington  Mills  Electro-Minerals. 

BAT  Option  4 

Careful  review  of  the  process  and  quality  of  effluents  (Table  Al)  at  the  plant  indicate 
that  the  presence  of  most  pollutants  are  not  likely  a  result  of  plant  operations. 
Aluminum,  present  in  raw  materials  and  products,  is  not  present  at  excessive  levels  in 
effluents  indicating  no  obvious  contamination  from  raw  materials  or  products.  The  fact 
that  TSS  levels  of  20  mg/L  are  the  same  as  those  in  raw  water  (Table  A2),  coupled 
with  the  lack  of  evidence  of  raw  materials  or  product  contamination,  indicates  that  TSS 
are  also  contributed  from  the  raw  water. 

Phenols  and  oil  and  grease  are  contaminants  that  may  be  contributed  from  the  process. 
Because  of  the  layout  of  the  operations,  oil  leaks  or  spills  from  equipment  during 
repairs  would  fall  onto  the  floor  and  be  washed  into  the  settling  basins  with  cooling 
water.  Large  oil  spills  are  cleaned  by  means  of  vacuum  trucks  or  booms  and  pads  to 
skim  the  surface  of  the  settling  basin  (Ref.  1).  This  approach  appears  to  be  effective, 
since  mean  oil  and  grease  levels  of  6  mg/L,  were  relatively  low  over  the  12  month  mon- 
itoring period.  Management  practices  for  source  control  of  oil  and  grease  releases  to 
the  settling  basins  are  the  recommended  approach  to  further  reduce  oil  and  grease 
levels  in  effluents.  These  are  discussed  under  BAT  Option  4  in  Section  4.0. 

Oil  and  grease  in  effluents  is  the  likely  source  of  phenols,  since  no  other  general  usage 
chemicals  that  would  contain  this  contaminant  are  reportedly  used  at  the  plant.  There- 
fore, levels  of  this  contaminant  would  also  be  reduced  with  oil  concentrations. 

Relatively  high  levels  of  TSS,  strontium,  boron,  sulphide  and  chloride,  and  dilute  levels 
of  COD,  ammonia,  TKN,  DOC  and  aluminum  are  likely  originating  from  the  raw  well 
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water  used  at  the  plant.  Some  removal  of  most  of  these  contaminants  could  be  accom- 
plished through  a  well  water  treatment  system  that  included  oxidation  of  sulphide  (e.g. 
peroxide  addition)  and  coagulation  and  sedimentation  for  removal  of  solids,  strontium 
and  other  contaminants.  However,  implementation  of  several  additional  treatment  pro- 
cesses will  produce  related  problems  which  must  be  addressed,  including: 

•  The  impacts  of  water  treatment  chemicals  on  effluents,  in  terms  of 
contaminant  concentrations  and  toxicity. 

•  The  handling  and  disposal  of  wastewater  treatment  residuals. 

•  The  dependence  of  system  reliability  and  operator  training  on  perform- 
ance. 

Because  of  these  problems,  the  preferred  approach  to  controlling  discharges  of  pollu- 
tants is  pollution  prevention. 

Pollution  prevention,  involving  the  use  of  an  alternate,  uncontaminated  water  source  at 
the  plant,  is  recommended  for  BAT  Option  4,  and  discussed  in  more  detail  in  Section 
4.0. 


BAT  Option  5 

Technologies  that  would  advance  the  plant  further  towards  zero-discharge  were  not 
identified  in  the  global  search. 

The  plant  already  recycles  cooling  and  storm  water  from  the  settling  basins,  to  mini- 
mize the  amount  of  intake  water  required  and  effluents  discharged.  However,  the  rate 
of  recycle  is  dependent  on  the  temperature  required  for  cooling.  Therefore,  recycle 
rates  tend  to  decrease  in  summer  and  increase  in  winter.  Further  increase  of  these 
rates  would  only  be  possible  with  expanded  equalization  ponds,  to  allow  for  greater 
heat  transfer,  or  more  elaborate  air  cooled  or  refiigerated  systems.  None  of  these 
systems  are  considered  practical  due  to  the  very  large  capital  expenditures,  and  expan- 
sive land  area  or  electricity  requirements.  Therefore,  these  approaches  to  cooling  are 
not  reconmiended. 

In  aluminum  oxide  abrasives  manufacturing,  by-product  ferro-silicon  and  other  impur- 
ities collect  in  the  bottom  of  the  furnace.  Periodically,  this  material  is  super-  heated 
and  poured  out  of  the  furnace.  This  procedure  requires  considerably  more  heat  than 
for  melting  aluminum  oxide,  and  results  in  substantial  damage  to  the  furnace  refractory 
lining  (usually  bricks).  The  cooling  method  currently  used,  involving  cascading  water,  is 
considered  the  only  way  to  prevent  major  accidents  in  these  instances.  A  water  cooled 
jacket,  for  example,  would  be  severely  damaged  and  would  not  function  adequately 
under  these  circumstances. 


TOR/INORG2/914il 


Zero-discharge  of  contaminants  associated  with  contact  cooling  water  would  result  if 
cooling  water  were  non-contact,  as  would  be  the  case  if,  for  example,  furnace  cooling 
jackets  were  used.  Reports  from  the  abrasives  industry  (Ref.  3)  indicate  that  this  is  not 
a  feasible  approach. 

Based  on  the  above  discussion,  BAT  Option  5  is  the  same  as  BAT  Option  4,  since 
feasible  technologies  that  would  advance  the  plant  further  towards  zero-discharge  were 
not  identified. 


Summary 

Table  2  presents  a  summary  of  BAT  Options  defined  for  Washington  Mills. 


Table  2 
Summary  of  BAT  Options  for  Washington  Mills  Limited 

BAT  Optioo 

OcfinitioD 

Descriptian 

1 

Least  cost  producing  non-lethal  eOluents 

No  change  to  existing  system. 

2 

U.S.  BAT 

No  VS.  BAT  defined. 

3 

Best  deiDonsirated  in  Ontario 

No  change  to  esdsling  system. 

4 

MaximuiD  reduction  of  pollutants 

Best  management  practices  for  oil  and  grease  and 
use  of  an  alternate  water  source. 

5 

Furthest  tofwards  zero-discharge  of  pollutants 

Same  as  Option  4. 

4.0 


BAT  OPTIONS 


BAT  Option  1,  2  and  3  do  not  incorporate  changes  to  the  existing  wastewater  man- 
agement system  at  Washington  Mills.  Technologies  recommended  for  BAT  Options  4 
and  5  are  discussed  below. 


4.1  BAT  Options  4  and  5 

Description 

BAT  Options  4  and  5  include  two  technology  changes  for  maximum  reduction  of 
pollutants  in  effluent  discharges.  These  include: 

•  Management  practices  for  source  control  of  oil  and  grease  and  phenol 

discharges. 
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•  Use  of  an  alternate  intake  water  source  to  replace  the  well  water  current- 

ly used. 

Management  practices  for  source  control  of  oU  and  grease  releases  will  include  diligent 
coUection  of  oils  during  equipment  maintenance  and  repair,  routine  inspection  of 
equipment  for  oil  leaks,  containment  of  higher  risk  leak  and  spiD  areas,  placement  of 
absorbent  socks  and  pads  around  equipment,  employee  training  on  oil  spiU  procedures, 
etc.  Some  of  these  practices  are  already  used  at  the  plant,  including  training  for  clean- 
up of  oil  spills,  and  defined  procedures  of  clean-up. 

Two  intake  water  sources  could  be  considered  to  replace  the  intake  well  water  at  the 
plant:   Niagara  Falls  municipal  water  supply  and  Welland  Canal  water. 

For  the  municipal  alternative,  it  is  assumed  that  the  municipal  water  supply  system  has 
sufficient  capacity  to  meet  the  water  demand  exerted  by  the  plant,  and  upgrading 
would  not  be  required.  Therefore,  the  only  capital  requirements  would  be  in-plant 
water  distribution  piping  changes.   Operating  costs  for  water  would  be  significant. 

If  Welland  River  were  to  be  selected  as  the  intake  water  source,  an  intake,  pipeline 
and  pumphouse  would  be  required  to  transfer  water  to  the  plant  about  500  m  away 
from  the  River.  This  alternative  would  have  a  high  initial  capital  cost,  but  minimal 
operating  costs.  In  addition,  the  need  for  a  Certificate  of  Approval  under  the  Ontario 
Water  Resources  Act  adds  an  additional  level  of  complexity  to  this  alternative. 


Performance 

The  performance  of  the  implementation  of  BAT  Option  4  changes  are  presented  in 
Table  3. 

Oil  and  grease  levels  are  estimated  to  reduce  with  implementation  of  management 
practices  to  achieve  the  lowest  mean  monthly  concentration  observed  over  the  12 
month  MISA  monitoring  period  on  a  consistent  basis.  Removal  efficiency  of  phenols  is 
estimated  to  be  equivalent  to  efficiency  for  oil  and  grease. 

Projected  concentrations  and  loading  reductions  for  target  pollutants  in  intake  water 
are  based  on  Welland  River  water  quality.  If  municipal  water  were  used,  reduction 
would  likely  be  higher.  Dilute  levels  of  contaminants  in  well  water,  such  as  COD, 
ammonia,  TKN,  DOC  and  aluminum  are  not  significantly  different  than  those  in  Wel- 
land River  water  (as  measured  at  Norton  Canada  Inc.  intake  during  the  MISA  Moni- 
toring Regulation  period). 
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Table  3 
Projected  Performance  of  Implementing  BAT  Option  4 

Technology 

Coolamlnaot 

EsbUng^ 

TrtfteEti                      | 

Mean 
Coocentratloa 

Average 
LoMiinK 

Mean 
Coneentratloa 

■■ 
Avcrafe 
LoMUnc^ 

Management  praaices  for 
source  control  of  oil  and  grease 

Oil  and  grease 
Phenolics 

6.1  mg/L 
5ng/L 

12.2  kg/d 
0.011  kg/d 

Z4mg/L2 

4.8  kg/d  1 
0.004  kg/d   II 

Alternative  water  souixe 

Sulphide 

Boron 

Strontium 

Chloride 

TSS 

130  ^g/L 

808  ^g/L 

14,866  (ig/L 

2.230  mg/L 

20.4  mg/L 

0.267  kg/d 
1.61  kg/d 
21.1  kg/d 

4,491  kg/d 
41.1  kg/L 

lO^g/L^ 
79.9  ^g/L^ 
178  ngO-^ 
15.4  mg/L^ 
10.1  mg/L^ 

0.02  kg/d 
0.16  kg/d 
0J6kg/d 
31.0  kg/d 
203  kg/d 

Notes; 

1.  From  12  months  of  MISA  Monitoring  Regulation  data. 

2.  Based  on  lowest  mean  monthly  concentration  measured  over  12  month  monitoring  period. 

3.  Calculated  from  mean  concentration  and  average  Qow. 

4.  Based  on  removal  efTiciency  the  same  for  phenols  and  oiJ  and  grrav 

5.  Welland  River  intake  water  monitoring  data  from  the  MISA  Monitoring  Regulation  period  at  Norton  Canada  Inc. 

Costs 

Costs  for  implementing  management  practices  for  oil  and  grease  control  can  not  be 
calculated  in  detail,  since  the  necessary  changes  to  the  plant  and  employee  training 
programs  could  not  be  defined  within  the  scope  of  this  study.  It  is  however, 
reasonableto  assume  that  these  would  not  be  high,  and  would  total  less  than  $25,000 
capital  for  minor  changes  around  the  plant,  such  as  containment  implementation. 
Negligible  costs  were  assumed  for  including  oil  control  procedures  in  staff  training 
programs,  and  other  routine  operating  requirements. 

Costs  for  each  of  the  alternate  water  sources  are  presented  in  Table  4.  Capital  cost 
estimates  were  based  on  in-house  information  and  the  general  technology  report  for 
pimiping  stations  and  force  mains  (Ref.  4).  All  capital  cost  estimates  should  be  con- 
sidered order-of-magnitude. 


5.0 


SUMMARY  OF  COST  AND  PERFORMANCE  OF  BAT  OPTIONS 


Table  5  presents  a  summary  of  estimated  costs  and  projected  performance  of  imple- 
menting BAT  options  at  Washington  Mills. 
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■ 

Table  4 

Capital  and  Operating  Cost  Estimates  for  Alternative  Raw  Water  Source  at 

Washington  Mills  Limited 

Source 

Item 

Capital  Cm^ 

Annaal  OperaUng  Cost^ 

Wdland  Rwer 

Intake  and  pumping  station  (17  LA) 
Distribution  main  (1.4  km  @  ISO  mm  dia.) 
Total 

$850,000 
140,000 

$2,000 

Municipal  water 

In-ptant  piping  changes 

$10,000 

$280,000^   1 

Notes; 

1.  Capital  cost  estimates  include  IS  percent  engineenng,  30  percent  estimating  contingency,  35  percent  installation 
and  7  percent  G.S.T.  (ENR  CCI  6343)^. 

2.  1991  dollars.                                                                                ' 

3.  Based  on  Niapra  Falls  water  costs  of  S0.512/m^  (1991)- 

Tables                                                                 1 
Summary  of  Cost  and  Performance  of  BAT  Options                            | 

Component 

BAT  Options  1,  3,  S 

BAT  Option  4                              | 

Cost 

Weiland  River 

Municipal  Water       | 

Capital 
Operating 

SO 
SO 

$1,015,000 
$10,000 

S35,000  1 
$280300  1 

Performance 

Contaminant  Loading  Reduction 

OU  &  Grease  (kg/d) 
Phenolics  (kg/d) 
Sulphide  (kg/d) 
Boron  (kg/d) 
Strontium  (kg/d) 
Chloride  (kg/d) 
TSS  (kg/d) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

7.4 
0.007 
0.25 
1.59 

20.7 
4,460 

20.8 
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INFORMATION  SOURCES 


1.  Inorganic  Chemical  Sector  Plants  Site  Visit  Report  -  Washington  Mills  Limited. 
March  25,  1991.  (unpublished). 

2.  Telephone  contacts  made  to  U.S.  abrasives  manufacturing  facilities: 

•  George  Tasevski  of  Exolon-ESK  in  Buffalo,  New  York.  August  1991. 


Engineering  News  Record  Construction  Cost  Index 
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•  Mark  Rollins  of  Norton  Company  in  Worcester,  Massachusetts.   August 
1991. 

•  Dean  Venturine  of  Washington  Mills,  Niagara  Falls,  New  York.  August 
1991. 

3.  Telephone  conversation  with  Rick  Chambers  of  Norton  Advanced  Ceramics 
Inc.,  July  1991. 

4.  General  Technology  Report  -  Pumping  Stations,  Force  Mains  and  Sewers. 
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APPENDIX 
Tables 


Table  M .  Washington  Mills  Abrasives,  Washington  Mills  Ltd.. 

Niagara  Falls 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO01 00 
Description:  Rnal  Effluent 

Comaminant 

Units 

Concentration  over  12  Montli 
Samping  Period 

Loading 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

1320 

2530 

2014 

COD 

mg/L 

53 

67 

60 

126.375 

Ammonia  Plus  Ammonium 

mg/L 

1.1 

1.3 

1.2 

2.53 

Total  Kjeldahl 

mg/L 

1.6 

2£^^        2.2 

4.608 

DOC 

mg/L 

0.35 

\^ 

G       ^""^ 

4.479 

Specific  Conductance 

uS/cm 

370 

èl^f^ 

^      5940 

Total  Suspended  Solids 

mg/L 

.^ 

tc5^^^ 

20.4 

41.086 

Aluminum 

ug/L 

^^    9^ 

V    320 

67.8 

0.144 

Boron 

ug/L 

^  <àr 

3700 

808 

1.611 

Strontium 

ug/L 

340 

57000 

10700 

21.05 

Phenoiics  (4AAP) 

ug/L 

3 

7 

5 

0.011 

Sulphide 

ug/L 

20 

240 

130 

0.267 

Oil  and  Grease 

mg/L 

0.96 

59 

6.14 

12.233 

Chloride.  Unfiltered  Reactive 

mg/L 

44 

2900 

2230 

4490.803 

Fluoride,  Unfiltered  Reactive 

mg/L 

0.7 

0.7 

0.7 

1.48 

Sulphate,  Unfiltered  Reactive 

mg/L 

60 

940 

727 

1463.934 

Note:  Flow  data  for  Sept.  1990  is  suspect.  Therefore  a  Dec.  1991  flow  measure  was 
included  in  the  testing  and  was  used  in  the  calculation  of  the  max..  min..  and  mean 
Flow  values.  The  total  suspended  solids,  chloride  unfiltered.  and  sulphate  un- 
filtered are  calculated  based  on  the  revised  calculated  flows. 

Table  A2,  Washington  Mills  Abrasives,  Washington  Mills  Ltd., 
Niagara  Falls 

Summary  of  Rows  and  Priority  One  Pollutants 
MISA  Control  Point  IN0400 
Description:  Intake 


Concentratîa^iir^er  12  Month 
Sa!S;^».PerKxl 


Ckjntaminant 


Units 


^-: 


H^ 


Mean 


Specific  Conductance 


uS/cm 


6710 


5940 


Total  Susp)ended  Solids 


m 


gn^ 


46.5 


20.4 


33* 


Chloride,  Unfiltered  Reactive 


mg/L 


44 


2900 


2230 


Sulphate,  Unfiltered  Reactive 


mg/L 


60 


940 


727 


Table  A3 

Toxicity  Data  for  Washington  Mills  Ltd.  for  the  First  Six  Months  of 

MISA  Monitoring 

Control  Point 

Test  Spedes 

Number  of 
Samples 

Range  of  Lethal 
Concentration  Data 

Number  of  Non- 
Lethal  Samples 

COOIOO 

Rainbow  trout 
Daphnia  magna 

6 
6 

non-lethal 
85.7%  to  non-lethal 

6 

4 

Washington  Mills 
Niagara  Palis 


CONCEhTTRATIONS 

LOADINGS     kg/d 

ATG 

PARAMETER 

RMDL 

UNfT 

CO  0100 

IN  0400 

CO  0100 

IN  0400 

c 

Total  suspended  solids 

5 

mg/L 

22.1 

21.4 

46.6 

43.9 

c 

Hydrogen  ion  (pH) 

7.44 

7.13 

c 

Specific  conductance 

uS/cm 

5900 

6190 

c 

DOC 

0.5 

mg/L 

2.11 

1.9 

4.48 

3.9 

c 

TOC 

5 

mg/L 

2.95 

1.25 

6.16 

2.56 

c 

Oil  and  grease 

1 

mg/L 

6.13 

11.9 

12.3 

24.3 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

1.2 

2.53 

c 

Nitrate+ Nitrite 

0.25 

mg/L 

0.034 

0.072 

c 

Total  iqeldahl  nitrogen 

0.5 

mg/L 

2.2 

4.61 

c 

Total  phosphorus 

0.1 

mg/L 

0.066 

0.134 

09 

Aluminum 

30 

ug/L 

67.8 

0.144 

09 

Boron 

50 

ug/L 

.  808 

1.61 

09 

Strontium 

20 

ug/L 

10700 

21.1 

14 

Phenolics  (4AAP) 

2 

ug/L 

5 

0.01 

15 

Sulphide 

20 

ug/L 

130 

0.267 

98 

Ftflow 

m3/d 

2050 

11 

Chloride 

2 

mg/L 

2230 

2370 

4530 

4870 

\2 

Fluoride 

0.1 

mg/L 

0.7 

690 

1.48 

1.41 

13 

Sulphate 

5 

mgA. 

727 

727 

1480 

1490 

Notes 

CO0100  is  the  "Final  Effluent"  wfiich  flows  to  tfie  Welland  River  and  Lake  Ontario. 

Flow  and  loading  values  should  be  treated  with  caution;  a  flow  monitoring  primary  device 
with  modified  geometry  and  hydrauic  arrangement  and  of  unestablished  accuracy  was  used. 


Intake  loadings  displayed  are  based  on  mean  discharge  flow  rate  and 
intake  wellwater  analyses. 
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Washington  Mills  Electro  Minerals  Corp. 


ONTARIO  INORGANIC  CHEMICAL  SECTOR  PLANTS 

REPORT  ON  BAT  OPTIONS 

WASfflNGTON  MILLS  ELECTRO  MINERALS  CORPORATION 


LO  PLANT  DESCRIPTION 

Washington  Mills  Electro  Minerals  Corporation,  in  Niagara  Falls,  producies  primarily 
fused  aluminum  oxide  abrasives  and  other  abrasive  materials  when  markets  exist.  Mol- 
ten aluminum  oxide  is  formed  in  an  electric  area  furnace  through  the  melting  of  baux- 
ite, coke  and  iron  borings  which  are  the  major  raw  materials  of  the  process.  Other 
minor  raw  materials  include,  at  various  times,  magnesium  oxide,  chrome  ore,  chromium 
oxide  and  silica  sand.  The  molten  product  is  poured;  cooled  and  solidified  prior  to 
crushing,  grinding  and  size  classification  required  for  sale.  By-product  ferro-silicon  is 
periodically  poured  from  the  furnace  and  is  also  solidified,  crushed  and  sold  when  mar- 
kets exist. 

The  process  involves  the  use  of  contact  cooling  water  drawn  from  the  Welland  River. 

Details  on  plant  production  processes  and  wastewater  management  are  provided  in  the 
site  visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Wastewater  Sources 

Contact  cooling  water  is  the  only  process  effluent  generated  in  the  production  of  manu- 
factured abrasives  at  this  plant.  Non-process  related  effluents  consist  entirely  of  storm 
water  collected  froin  the  plant  site. 

Contact  cooling  water  is  combined  with  a  small  fraction  of  the  storm  water  flows  from 
the  plant  site  prior  to  passing  through  one  of  two  compartmentalized  concrete  settling 
basins.  The  remainder  of  the  storm  water  flows  directly  to  natural  waterways  or  munic- 
ipal storm  sewers.  The  combined  streams  were  monitored  during  the  MISA  Monitor- 
ing Regulation  as  MISA  Control  Points  COOIOO  and  CO0200.  Monitoring  of  two  other 
storm  water  discharge  points  (ST0800  and  ST0900)  and  intake  water  (IN1200)  was  also 
conducted. 


22  Wastewater  Flows  and  Quality 

Tables  Al  and  A2  in  the  Appendix  present  average,  maximum  and  minimum  flow  and 
concentration  data  as  well  average  daily  loadings,  for  those  contaminants  defined  by  the 


TOR/INORG3/92Z51 


Ministry  of  the  Environment  as  "Priority  1"  for  MISA  Control  Points  COOIOO  and  COO- 
200. 


3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  five  BAT  options  for  wastewater  manage- 
ment, with  the  exception  of  storm  water  runoff^  were  considered  for  each  Ontario 
Inorganic  Chemical  Sector  plant: 

Option  1         -  A  least  cost  BAT  option  that  achieves  non-Iethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2        -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3        -  A  BAT  option  that  uses  the  best  technology  cxurently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  S        -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  form  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  discussion. 


BAT  Option  1 

Toxicity  data  coUected  and  compiled  for  the  first  six  months  of  the  MISA  monitoring 
period  by  the  Ministry  of  the  Environment  are  presented  in  Table  A3.  Six  samples 


Stonn  water  runoff  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct  a 
Stonn  Water  Control  Study  at  each  site. 
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were  collected  at  each  of  the  MISA  Control  Points  COOIOO  and  CO0200  and  tests  were 
conducted  on  both  rainbow  trout  and  Daphnia  magna.  In  all  tests  on  trout,  no  fatal- 
ities were  recorded  and  the  effluents  were  deemed  non-lethal.  In  six  tests  of  COOIOO 
effluent  on  Daphnia  magna,  no  deaths  occurred  in  five  tests  and  less  than  50  percent 
mortality  occurred  in  the  sixth,  resulting  in  greater  than  100  percent  non-lethahty.  In 
the  six  tests  of  CO0200  effluent  on  Daphnia  magna,  no  deaths  occurred  in  four  tests 
and  the  minimum  LC50  was  95.5  percent. 

These  toxicity  results  indicate  that  effluents  at  both  COOIOO  and  CO0200  are  non-lethal 
to  the  test  species  in  a  large  majority  of  cases.  Therefore,  no  change  to  the  existing 
system  is  recommended  for  BAT  Option  1.  There  is  insufficient  information  to  evalu- 
ate the  cause  of  the  three  lethal  results  on  Daphnia  magna.  Further  testing  to  confirm 
toxicity,  and  if  required  a  toxicity  reduction  study,  would  be  recommended  to  achieve 
non-lethality  to  Daphnia  magna  on  a  constant  basis. 


BAT  Option  2 

Under  40  CFR  of  the  U.S.  Federal  Register  (July  1,  1989  Edition),  BAT,  BPT  and 
effluent  limitations  were  not  defined  for  the  abrasives  manufacturing  sub-category. 
Furthermore,  a  search  for  "sister"  abrasives  plants  in  the  U.S.  found  that  technologies 
for  wastewater  control  more  advanced  than  those  existing  in  Ontario  were  not  used 
(Ref.  2).  Thus,  a  BAT  Option  2  was  not  defined. 


BAT  Option  3 

Four  abrasives  manufacturing  plants  are  included  in  the  Ontario  Inorganic  Chemical 
Sector.  All  of  these  plants  incorporate  settling  and  recycle  of  contact  cooling  water 
with  discharge  of  overflows.  Table  1  presents  a  comparison  of  major  process  related 
contaminants  discharged  from  the  four  plants.  Note  that  these  data  represent  total 
mean  daily  loadings  and  total  mean  flows  firom  aU  appropriate  Control  Points  for  a 
given  site.  Effluents  from  Washington  Mills  Electro  Minerals  compare  favourably  to 
other  abrasives  plant  for  the  noted  contaminants,  especially  with  respect  to  total  sus- 
pended solids  which  appear  to  be  well  controlled.  Since  more  advanced  technologies 
are  not  being  used  for  wastewater  control  at  any  Ontario  plant,  BAT  Option  3  is  the 
existing  wastewater  system  at  Washington  Mills  Electro  Minerals  Corporation. 


BAT  Option  4 

Careful  review  of  the  process  and  quality  of  effluent  (Tables  Al  and  A2)  at  the  plant 
indicate  that  a  number  of  contaminants  including  DOC,  TOC,  aluminum,  strontium, 
chloride  and  sulphate  are  present  at  levels  which  are  consistent  with  surface  water 
quality  in  Ontario.  Technologies  for  the  removal  of  these  low  levels  of  contaminants 
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may  be  available  and  have  been  used  in  specific  application  (e.g.  drinking  water  treat- 
ment). However,  an  exhaustive  global  search  carried  out  as  part  of  this  study  did  not 
identify  practical  applications  of  these  technologies  to  treating  industrial  wastewater 
effluents  with  similar  contaminant  concentrations. 


Table  1 

Comparison  of  Effluents  from  Four  Ontario  Abrasives  Plants  ^"^ 

Exolon  ESK  Com- 

Norton .Advanced 

Washington  MUls 

pany  of  Canada 

Ceramics  of 

Washington  .Mills 

Electro-Minerals 

Parameter 

LW.3 

Canada  Inc"* 

Ltd.5 

Corp.^ 

Flow( 

n^/d) 

9.440 

7.430 

1.988 

17,310 

TSS 

• 

mg,'L 

19 

17 

20 

5.2 

• 

kg/d 

185 

123 

41 

94 

Alnininnm 

•        - 

lig/L 

280 

1.433 

68 

159 

• 

kg/d 

Z7 

10.7 

0.14 

Z8 

Oil  &  Grease 

• 

mg/L 

n.p.' 

l.i 

6.1 

1.2 

• 

kg/d 

n.p.' 

11.5 

1Z2 

20.7 

Noies: 

1. 

Average  flows  and  loadings,  and  mean  concentrations  measured  over  12  months  of  MISA  Monitoring  Regu- 

lation period. 

2. 

Contaminant  loads  are  not  directly  comparable  and  should  be  based  on  production  rates.   Production  rates      | 

were  unavailable  for  most  plants. 

3. 

Measured  at  Control  Point  COOIOO  at  Exolon  ESK. 

4. 

Measured  at  Control  Point  CO0200,  CO0300  and  CO0400  at  Norton. 

5. 

Measured  at  Control  Point  COOIOO  at  Washington  Mills  Ltd. 

6. 

Measured  at  Control  Point  COOIOO  and  CO0200  at  Washington  Mills  Electro-Minerals,                                      | 

7. 

ou  and  grease  not  a  Triority  1"  parameter  at  Exolon  ESK. 

Table  A4  in  the  Appendix  presents  average,  maximum  and  minimum  flow  and  concen- 
tration data,  as  well  as  average  daily  loadings,  for  those  contaminants  defined  by  the 
Ministry  of  the  Environment  as  "Priority  1"  for  MISA  Control  Point  INUOO.  It  should 
be  noted  that  concentrations  of  DOC  and  TSS  appear  to  be  lower  in  effluents  than  in 
intake  water. 

Total  suspended  solids  appear  to  be  well  controlled  by  the  two  existing  settling  basins. 
Flow  rate  data  and  estimates  of  the  amount  of  recycle  at  MISA  Control  Point  COOIOO 
were  used  to  confirm  that  surface  loading  rates  are  within  the  normal  range  for  oper- 
ation of  primary  settling  units. 

The  remaining  TSS  in  the  effluents  do  not  likely  have  their  source  in  the  process.  This 
contention  is  supported  by  the  fact  that  aluminum  levels  in  the  water  are  relatively  low. 
Therefore,  the  two  remaining  possible  sources  are  storm  water  and  intake  water. 
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Storm  water  is  a  relatively  small  fraction  of  the  flows  at  Control  Points  COO  100  and 
CO0200  since  the  majority  of  storm  water  at  the  site  drains  to  Control  Points  ST0800 
and  ST0900. 

Intake  water  data  (Table  A4)  indicate  high  levels  of  TSS  and  this  is  the  most  likely 
source  of  TSS  loadings  in  the  effluents.  The  most  appropriate  means  to  control  these 
levels  would  be  treatment  of  the  raw  water  through  conventional  means  such  as  coagu- 
lation and  sedimentation  plus  filtration.  However,  the  problems  created  in  the  handling 
and  disposal  of  treatment  residuals  (e.g.  filter  backwash)  would  not  be  offset  by  the  rel- 
atively small  improvement  in  effluent  quality  which  would  result.  Thus,  BAT  Option  4 
does  not  include  measures  for  the  reduction  of  TSS. 

Phenols  and  oil  and  grease  are  contaminants  that  may  be  contributed  from  the  process. 
Because  of  the  layout  of  the  operations,  oil  leaks  or  spills  from  equipment  during 
repairs  would  fall  onto  the  floor  and  be  washed  into  the  settling  basins  with  cooling 
water.  Large  oil  spills  are  cleaned  by  means  of  vacuum  trucks  or  booms  and  pads  to 
skim  the  surface  of  the  settling  basin  (Ref.  1).  This  approach  appears  to  be  effective, 
since  mean  oil  and  grease  levels  of  approximately  1  mg/L  for  both  effluent  streams 
were  relatively  low  over  the  12  month  monitoring  period.  Management  practices  for 
source  control  are  the  recommended  approach  to  further  reduce  oil  and  grease  levels 
in  effluents.   These  are  discussed  under  BAT  Option  4  in  Section  4.1. 

Oil  and  grease  in  effluents  is  the  likely  source  of  phenols,  since  no  other  general  usage 
chemicals  that  would  contain  this  contaminant  are  reportedly  used  at  the  plant.  There- 
fore, levels  of  this  contaminant  would  also  be  reduced  with  oil  concentrations. 


BAT  Option  5 

Technologies  that  would  advance  the  plant  further  towards  zero-discharge  were  not  ide- 
ntified in  the  global  search. 

However,  the  plant  currently  practices  recycle  of  cooling  water  only  at  MISA  Control 
Point  COO  100.  Such  recycling,  although  limited  by  the  temperature  required  for  cool- 
ing, reduces  the  amount  of  intake  water  required  and  the  effluent  discharged.  There- 
fore, BAT  Option  5  includes  the  recommendation  to  implement  recycling  of  cooling 
water  to  the  process  from  MISA  Control  Point  CO0200.  A  detailed  description  of  this 
option,  as  well  as  information  on  performance  and  costs,  appears  in  Section  4.2  of  this 
report. 

Further  increase  of  recycle  rates  would  only  be  possible  with  expanded  equalization 
ponds,  to  allow  for  greater  heat  transfer,  or  more  elaborate  air  cooled  or  refrigerated 
systems.  None  of  these  systems  are  considered  practical  due  to  the  very  large  capital 
expenditures,  and  expansive  land  area  or  electricity  requirements.  Therefore,  these 
approaches  to  cooling  are  not  recommended. 
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Zero-discharge  of  contaminants  associated  with  contact  cooling  water  would  result  if 
cooling  water  were  non-contact,  as  would  be  the  case  if,  for  example,  furnace  cooling 
jackets  were  used.  Reports  from  the  abrasives  industry  (Ref,  3)  indicate  that  this  is  not 
a  feasible  approach.  In  aluminum  oxide  abrasives  manufacturing,  by-product  ferro-sili- 
con  and  other  impurities  collect  in  the  bottom  of  the  furnace.  Periodically,  this 
material  is  super-heated  and  poured  out  of  the  furnace.  This  procedure  requires  con- 
siderably more  heat  than  for  melting  aluminum  oxide,  and  results  in  substantial  damage 
to  the  furnace  refractory  lining  (usually  bricks).  The  cooling  methods  currently  used, 
involving  cascading  water,  is  considered  the  only  way  to  prevent  major  accidents  in 
these  instances.  A  water  cooled  jacket,  for  example,  would  be  severely  damaged  and 
would  not  function  adequately  under  these  circumstances. 

Based  on  the  above  discussion,  BAT  Option  5  includes  management  practices  for  oil 
and  grease  control  and  the  implementation  of  recycling  of  cooling  water  to  the  process 
from  MISA  Control  Point  CO0200.  This  option  is  described  in  further  detail  in  Section 

4.2. 


Summary 

Table  2  presents  a  summary  of  BAT  Options  defined  for  Washington  Mills  Electro  Mi- 
nerals. 


Table  2 
Summary  of  BAT  Options  for  Washington  Mills  Electro  Minerals 

BAT  OpUoo 

DeOniUoB 

DescripUoo 

1 

Least  cost  production  non-lethal  cQluents. 

No  change  to  existing  system. 

2 

U.S.  BAT. 

No  U.  S.  BAT  deOned. 

3 

Best  demonstrated  in  Ontario. 

No  change  to  existing  system. 

' 

Maximum  reduction  of  pollutants. 

Management  praaices  for  control  of  oil  and  grease. 

5 

Furthest  toward  zero-discharge  of  pollutants. 

Same  as  BAT  Option  4  with  implementation  of  recycling 
from  Control  Point  CO0200  to  the  process. 

4.0 


BAT  OPTIONS 


BAT  Option  1,  2  and  3  do  not  incorporate  changes  to  the  existing  wastewater  manage- 
ment system  at  Washington  Mills  Electro  Minerals  Corporation.  Technologies  recom- 
mended for  BAT  Options  4  and  5  are  discussed  below. 
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4.1 


BAT  Option  4 


BAT  Option  4  consists  of  management  practices  for  source  control  of  oil  and  grease  in 
effluent  discharges. 


Description 

Management  practices  for  source  control  of  oil  and  grease  releases  will  include  diligent 
collection  of  oils  during  equipment  maintenance  and  repair,  routine  inspection  of  equi- 
pment for  oil  leaks,  contaiimient  of  higher  risk  leak  and  spill  areas,  placement  of  absor- 
bent socks  and  pads  around  equipment,  employee  training  on  oil  spill  procedures,  etc. 
Some  of  these  practices  are  already  in  place  at  the  plant,  including  training  for  clean-up 
of  oils  spills,  and  defined  procedures  for  clean-up. 


Performance 

The  performance  of  the  implementation  of  BAT  Option  4  changes  are  presented  in 
Table  3. 


Table  3 
Projected  Performance  of  Implementing  BAT  Option  4 

Technology 

Contaminant 

Existing^ 

Projected 

Mean  Concen- 
tration 

Average  Load- 
tag 

Mean  Concent- 
raUon^ 

Average 
Loading"^ 

Management  practices  for 
source  control  of  oil  and 
grease. 

Oil  and  grease 
Phenolics 

1.2  mg/L 
2-8  ^ig/L 

20.7  kg/d 
0.05  kg/d 

1.0  mg/L 
1.0  jig/L 

17.8  kg/d 
0.02  kg/d 

Notes: 

1.  From  12  months  of  MISA  Monitoring  Regulation  data,  averaged  for  the  two  Control  Points. 

2.  Based  on  lowest  mean  monthly  concentration  measured  over  12  month  monitoring  period. 

3.  Calculated  from  mean  concentration  and  average  flow. 

Oil  and  grease  and  phenol  levels  are  estimated  to  reduce  with  implementation  of 
management  practices  to  achieve  the  lowest  mean  monthly  concentration  observed  over 
the  12  month  MISA  monitoring  period  on  a  consistent  basis. 
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Costs 

Costs  for  implementing  management  practices  for  oil  and  grease  control  can  not  be  cal- 
culated in  detail,  since  the  necessary  changes  to  the  plant  and  employee  training  pro- 
grams could  not  be  defined  within  the  scope  of  this  study.  It  is  however,  reasonable  to 
assume  that  these  would  be  relatively  small  for  minor  changes  around  the  plant,  such  as 
containment  implementation.  Negligible  costs  can  also  be  assumed  for  including  oil 
control  procedures  in  staff  training  programs,  and  other  routine  operating  require- 
ments. 


4.2  BAT  Option  5 

BAT  Option  5  includes  the  recommendations  made  for  BAT  Option  4  as  well  as  im- 
plementation of  contact  cooling  water  recycling  from  MISA  Control  Point  CO0200  to 
the  process  to  reduce  the  volume  of  water  discharged. 


Description 

The  rate  of  cooling  water  recycling  achievable  should  be  close  to  that  of  other  abrasives 
plants  or  approximately  70  percent.  In  the  case  of  Washington  Mills  Electro  Minerals, 
MISA  Control  Point  CO0200,  this  translates  to  a  recycle  flow  rate  of  approximately 
7,000  m^/d  or  80  L/s.  The  technology  required  to  implement  this  option  includes  the 
following  items: 

•  Overflow  structure  from  settling  basin  to  pumping  station. 

•  Pumping  station,  including  pumps  and  control  panels. 

•  Forcemain  to  connect  with  existing  water  supply  lines. 


Performance 

Since  flow  through  the  settling  basin  will  be  unchanged,  the  concentration  of  suspended 
solids  in  the  effluent  will  be  the  same,  averaging  5.2  mg/L.  However,  with  the  remain- 
der recycled,  suspended  solids  loadings  will  be  reduced  by  70  percent. 


Cost 

Costs  for  this  option  have  been  developed  from  information  in  the  general  technology 
report  for  pumping  stations,  forcemains  and  sewers  (Ref.  4),  as  well  as  from  informa- 
tion provided  by  the  company  (Ref.  1).  Costs  are  summarized  in  Table  4  and  should 
be  considered  order  of  magnitude. 
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Table  4 

Capital  and  Operating  Cost  Estimates  for  Recycling  at  MISA  Control  Point 

CO0200  at  Washington  Mills  Electro  Minerals 

Item 

CzpiUl  Cost^ 

Annual  Operating  Cost^ 

Overflow  structure 
Pumping  station 
Forcemain  (100  m) 
Power  Supply'* 

S4.50o3 
ST7.000 
S35.000 
SIOO.OOO 

S6.000 

Total 

$216300 

Notes; 

1.  Capital  cost  includes  35%  allowance  for  equipment  installation.  30%  estimating  contingency.  15%  engineering  and 
7%G.S.T. 

2.  1991  dollars,  including  maintenance  labour  and  matenals,  and  electricity. 

3.  Estimate  provided  tjy  company. 

4.  Power  is  currcnilv  unavailable  at  suitable  pumping  station  location. 

It  should  be  noted  that  these  costs  do  not  take  into  account  any  savings  in  the  oper- 
ation of  intake  water  pumps  which  may  be  realized. 


5.0 


SUMMARY  OF  COST  AND  PERFORMANCE  OF  BAT  OPTIONS 


Table  5  presents  a  summary  of  estimated  costs  and  projected  performance  of  imple- 
menting BAT  options  at  Washington  Mills  Electro  Minerals. 


Table  5 
Summary  of  Cost  Performance  of  BAT  Options 

Component 

BAT  Option  1.  2,  3 

BAT  Option  4 

BAT  Option  S 

Cost 

Capital 
Operating 

SO 

SO 

small 

S216.500 
S6,000 

Perfonnance  (Contaminant  Loading  Reduction) 

Total  suspended  solids  (kg/d) 
Oil  and  grease  (kg/d) 
PhenoUcs  (kg/d) 

0.0 
0.0 
0.0 

Z9 
0.03 

8.8^ 

Notes: 

1.              70%  reduction  in  TSS  at  CO0200,  0%  at  COOIOO. 
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1.  Inorganic  Chemical  Manufacturing  Sector  Plants,  Site  Visit  Report,  Washington 
Mills  Electro  Minerals  Corporation.  March  25,  1991.  (unpublished). 

2.  Telephone  contacts  made  to  U.S.  abrasives  manufacturing  facilities  by  S.A.I.C.  - 
details  currently  unavailable. 

3.  Telephone  conservation  with  Rick  Chambers  of  Nonon  Advanced  Ceramics, 
Inc.,  July  1991. 

4.  General  Technology  Report  -  Pumping  Stations,  Forcemains  and  Sewers. 
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APPENDIX 

Tables 


Table  AI ,  Washington  Mills  Ltd..  Washington  Mills  Electro  Minerals 

Corp.,  Niagara  Falls 
Summary  of  Rows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0100 
Descnption:  Queen  Lagoon 

CorAaminant 

Units 

Concentration  over  12  Montti 
Sanping  Period 

Loading 
(kg/d) 

Minimum 

Maximum 

Mean 

Row 

m3/d 

2880 

10700 

7610 

DOC 

mg/L 

0.6 

17 

0-^^      3 

19.927 

Specific  Conductance 

uS/cm 

255 

^^ 

va- 286 

Total  Suspended  Solids 

mg/L 

0.5 

..m>^'  5.9 

41.978 

Aluminum 

ug/L 

9 

<^\,^^ 

147 

1.086 

Strontium 

ug/L 

«5^ 

<^^^60 

145 

1.119 

Phenolics  (4AAP) 

ug/L 

N< 

IT         6 

2.3 

0.019 

Oil  and  Grease 

mg/L 

0.96 

2.5 

1.06 

8.156 

Chtoride,  Unfittered  Reactive 

mg/L 

14 

15 

14.5 

129.043 

Sulphate,  Unfiltered  Reactive 

mg/L 

23 

25 

24 

211.307 

Table  A2,  Washington  Mills  Ltd..  Washington  Mills  Electro  Minerais 

Corp..  Niagara  Fails 
Summary  of  Flows  and  Priority  One  Pollutants 
MISA  Control  Point:  CO0200 
Description:  Old  Lagoon 

Cortfaminant 

Units 

Concentration  over  12  Montti 
SanpEng  Period 

Loading 

Minimum 

Maximum 

Mean 

Flow 

m3/d 

5800 

14000 

10200 

DCXÎ 

mg/L 

0.35 

17 

v^^55 

38.926 

TOC 

mg/L 

0.8 

1QV 

vo.^-^ 

37.683 

Specific  Conductance 

uS/cm 

260 

..^ 

.-#299 

Total  Suspended  Solids 

mg/L 

0.5 

A^^J^ 

^          5.2 

52.091 

Aluminum 

ug/L 

<^ 

\mo 

189 

1.752 

Strontium 

ug/L 

1^0 

<^    156 

141 

1.469 

Phenolics  (4AAP) 

ug/L 

1 

9 

2.7 

0.031 

Oil  and  Grease 

mg/L 

0.96 

8.5 

1.23 

12.539 

Chloride,  Unfiltered  Reactive 

mg/L 

15 

15 

15 

152.591 

Sulphate,  Unfiltered  Reactive 

mg/L 

23 

24 

23.5 

240.19 

Table  A3 

Toxicity  Data  for  Washington  Mills  Electro  Minerals  Corporation  for  the  First 

Six  Months  of  MISA  Monitoring  Regulation 

MISA  Control 
Point 

Test  Species 

Number  of 
Samples 

Range  of  Lethal  Concen- 
tration Data 

Nomber  of  Non- 
Lethal  Samples 

COOIOO 

Rainbow  Trout 
Daphnia  magna 

6 
6 

Non-lethal 

>100%  10  non-lethal 

6 

5 

CO0200 

Rainbow  Trout 
Daphnia  magna 

6 
6 

Non-lethal 

95.5%  to  non-lethal 

6 

4 

Table  A4.  Washington  Mills  Ud..  Washington  Mills  Electro 
Minerals  Corp..  Niagara  Falls 

Summary  of  Rows  and  Priority  One  Pollutants 

MISA  Control  Point  IN1200 

Description:  Wetland  River,  Intake  Water                                           ^«V 

Contaminant 

Units 

Concentration  ov^f2  Month 

sampy8è>Pei#a 

Minimum 

.tmpm 

Mean 

DOC 

mg/L 

'i-^^\<^52 

7.8 

Specific  Conductance 

uS/cm 

.?$5 

r>y     301 

281 

Total  Suspended  Solids 

mg/L 

^  0.^''           60 

8.8 

Aluminum 

ug/L 

44 

860 

176 

Strontium 

ug/L 

14. 

150 

127 
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APPENDIX  27 

Welland  Chemical  Ltd. 


INORGANIC  CHEMICAL  SECTOR  PLANTS 
REPORT  ON  BAT  OPTIONS 
WELLAND  CHEMICAL  LTD. 


1.0  PLANT  DESCRIPTION 

Welland  Chemical  Ltd.  in  Samia,  Ontario  produces  aluminum  chloride  and  sodium 
hypochlorite  as  well  as  re-packaging  chlorine  gas  into  cylinders.  The  plant  consists  of 
three  main  units  reflecting  the  three  product  lines. 

Water  is  supplied  to  the  plant  by  the  City  of  Samia  and  is  employed  for  equipment 
washdown,  non-contact  cooling,  steam  generation  as  well  as  sanitary  purposes. 

Details  of  the  plant  processes  and  wastewater  management  are  presented  in  the  site 
visit  report  (Ref.  1). 


2.0  WASTEWATER  SOURCES  AND  QUALITY 

2.1  Sources 

The  sources  and  destination  of  wastewater  discharges  from  the  plant  are  presented  in 
Table  1. 

All  sanitary  waste  goes  to  an  onsite  septic  tank. 

Once  through  non-contact  cooling  water  sources  are  connected  directly  to  the  storm 
water  collection  system  which  drains  to  a  local  ditch.  Cooling  water  discharges  were 
monitored  at  MISA  Control  Points  OT0300,  OT0400  and  OT0500. 

Process  related  discharges  include: 

•  Wash  waters  and  wastewater  from  the  chlorine  filling  unit. 

•  Wash  waters  from  the  sodium  hypochlorite  unit. 

•  Wash  waters  from  the  aluminum  chloride  unit. 

•  Surface  rvmoff  from  the  bin  storage  yard  (aluminum  chloride  unit). 

Wastewaters  from  the  chlorine  filling  unit  and  sodiimi  hypochlorite  unit  are  discharged 
to  Lagoon  #2  which  in  turn  discharges  to  Lagoon  #1.  The  aluminum  chloride  unit 
wash  waters  and  surface  runoff  from  the  bin  storage  yard  are  discharged  to  the  South 
Lagoon.  Both  lagoons  are  currently  individually  batch  discharged  approximately  ten 
times  per  year  through  MISA  Control  Points  BA0200  (Lagoon  #1)  and  BAOIOO  (South 
Lagoon). 


TOR/INORG3/997.51 


Table  1                                                               1 
Sources  and  Destination  of  Wastewater                                      | 

Doit  Area 

Source  of  Wastewmler 

Sa(e«r 
Gcneralion 

DesUnatkMi 

Chlorine  CUiog  unit 

Container  wash  water  and  wastewater 
from  hydrostatic  testing  of  cylinders 

200  IVd 

Lagoon  #2  to  Lagoon  #1  discharged 
through  BA0200 

Air  compressor  cooling  water. 

Q.nL/s 

Discharged  through  OT0300 

Air  compressor  condensate. 

<5L/d 

Lagoon  #2  to  Lagoon  #1  discharged 
through  BA0200 

Sodium  hypochlorite 
production  unit 

Equipment  wash  water  and  floor  drains. 

300  LVd 

Lagoon  #2  to  Lagoon  #1  discharged 
through  BA0200 

Aluminum  chloride 
unit 

Air  compressor  condensate  (east  wall). 

<5L;d 

Lagoon  #2  to  Lagoon  #1  discharged 
through  BA0200 

Air  compressor  condensate  (south  wall). 

<5Ud 

South  Lagoon  discharged  through 
BAOIOO 

Once  through  cooling  water  from  air 
compressor  (east  wall). 

0.17  L/s 

Discharged  through  OT0400 

Once  through  cooling  water  from  -air 
compressor  (south  wall). 

0.17  Us 

Discharged  through  OT0400 

Equipment  wash  water  and  floor  drains 
from  storage  shipping  area. 

800  Ud 

South  Lagoon  discharged  through 
BAOIOO 

Chlorine  vaporization  baths  (no  addi- 
tives). 

2  batches/y 

South  Lagoon  discharged  through 
BAOIOO 

Bin  storage  yard  storm  runoff. 

No  data 

South  Lagoon  discharged  through 
BAOIOO 

Surface  runoff  from  south-east  to 
aluminum  chloride  building. 

No  data 

South  discbarge  outfall  not  monitored 

Tanker  truck  loading  area. 

No  data 

South  discbarge  outfali  not  monitored 

Welland  Chemical  employs  hydrochloric  acid  to  neutralize  Lagoon  #1  contents  and 
lime  to  neutralize  the  South  Lagoon  contents  prior  to  discharge. 


2.2 


Wastewater  Flows  and  Quality 


Tables  Al  and  A2  summarize  flows,  effluent  concentrations  and  loadings  from  the 
South  Lagoon  and  from  Lagoon  #1  respectively.  The  Tables  present  data  for  parame- 
ters defined  by  the  Ontario  Mimstry  of  the  Enviromnent  as  "Priority  1"  for  Control 
Points  BAOIOO  and  BA0200. 

Tables  A3,  A4  and  A5  present  flow  and  "Priority  1"  contaminant  concentration  data  for 
the  three  once  through  cooling  discharges  measured  at  Control  Points  OT0300  and  OT- 
0400  and  OT0500  respectively. 
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3.0  RATIONALE  FOR  SELECTION  OF  BAT  OPTIONS 

In  accordance  with  the  study  requirements,  the  following  five  BAT  options  for  manage- 
ment of  wastewater,  with  the  exception  of  storm  water  runoff^  were  considered  for 
each  Ontario  Inorganic  Chemical  Sector  plant: 

Option  1         -  A  least  cost  BAT  option  that  achieves  non-lethality  to  rainbow 

trout  and  Daphnia  magna. 

Option  2         -  A  BAT  option(s)  selected  by  the  U.S.  EPA  for  comparable  facil- 

ities in  the  U.S. 

Option  3         -  A  BAT  option  that  uses  the  best  technology  currently  in  use  in 

Ontario. 

Option  4        -  A  BAT  option  that  is  predicted  to  provide  the  maximum  overall 

pollution  reduction. 

Option  5         -  A  BAT  option  consisting  of  any  current  technology  or  combination 

of  current  technologies,  including  supplemental/add-on  technol- 
ogies, or  cross-over  technologies  from  other  industrial  sectors, 
which  will  advance  the  Ontario  plant  the  furthest  toward  virtual 
elimination  and  the  ultimate  goal  of  zero  discharge  of 
contaminants. 

Each  of  these  options  are  addressed  in  the  following  discussion. 


BAT  Option  1 

Toxicity  data  were  collected  and  verified  for  the  first  six  months  of  MISA  Regulation 
monitoring  period  by  the  Ministry  of  the  Environment  and  are  presented  in  Table  A6. 
The  Table  includes  test  data  for  each  of  the  Control  Points  as  well  as  data  from  a 
single  test  carried  out  on  the  intake  water  to  the  plant  (Control  Point  IN0600). 


Storm  water  ninofT  quality  limits  will  be  established  separately  under  MISA,  in  conjunction  with  a  program  to  conduct 
a  Storm  Water  Control  Study  at  each  site. 
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Test  results  indicated  that  all  effluents  were  lethal  to  trout  and  Daphnia  magna.  The 
single  intake  water  sample  also  shows  toxicity  to  both  test  organisms. 

The  likely  source  of  toxicity  in  the  intake  water  and  once  through  cooling  water  streams 
is  residual  chlorine.  Although  no  monitoring  of  total  residual  chlorine  was  carried  out 
under  the  MISA  program,  it  is  reasonable  to  assume  that  residual  chlorine  from  the 
municipal  supply  is  still  present  at  the  intake  to  the  plant  and  in  the  once  through  cool- 
ing water  discharges. 

Welland  Chemical  intends  to  eliminate  the  once  through  cooling  water  streams  by  con- 
version to  air  cooled  compressors.  This  would  also  eliminate  any  toxicity  problems 
associated  with  these  streams. 

Review  of  MISA  monitoring  data  for  the  two  lagoon  discharges  as  well  as  monitoring 
carried  out  by  Welland  Chemical  (Ref.  2)  indicates  that  the  primary  source  of  toxicity 
in  the  Lagoon  #1  effluent  is  likely  total  residual  chlorine.  Welland  Chemical  has  since 
begun  the  addition  of  sodium  metabisulphite  as  a  dechlorinating  agent  which  should 
eliminate  this  source  of  toxicity. 

Another  contaminant  which  may  contribute  to  Lagoon  #1  effluent  toxicity  is  sulphide 
which  is  present  at  a  mean  concentration  of  30  iig/L.  Since  sulphides  are  reactive  with 
chlorine,  it  is  not  clear  how  sulphide  is  coexisting  with  chlorine  in  this  effluent.  The 
presence  of  sulphides  should  be  confirmed  by  further  monitoring. 

The  South  Lagoon  effluent  contains  elevated  concentrations  of  aluminum  as  well  as 
moderate  concentrations  of  sulphides.  These  containments  may  contribute  to  the  toxic- 
ity of  the  effluent. 

Welland  Chemical  plans  to  combine  the  discharges  from  the  two  lagoons  into  a  single 
discharge  and  has  obtained  a  revised  Certificate  of  Approval.  The  South  Lagoon 
would  be  completely  eliminated  and  decommissioned  to  be  replaced  by  an  approxi- 
mately 23  m^  concrete  storage  tank.  Wastewater  collected  in  the  storage  tank  would  be 
pumped  to  a  Collection  Pond  which  would  also  receive  wash  waters  from  the 
hypochlorite  plant  and  from  chlorine  cylinder  washing.  Collection  Pond  effluent  in  turn 
would  be  pumped  to  the  North  Pond  where  eflQuent  would  be  neutralized  on  an  as 
needed  basis.  Effluent  would  be  discharged  only  from  the  North  Pond. 

It  is  difficult  to  precisely  anticipate  the  quality  of  the  combined  effluent  because  of 
potential  interactions  between  discharges  from  the  hypochlorite  plant,  chlorine  con- 
tainer wash  waters  and  discharges  from  the  aluminum  chloride  plant.  It  is,  however, 
reasonable  to  assume  that,  through  reaction  with  free  chlorine,  sulphides  will  be  elimin- 
ated from  the  new  combined  Welland  Chemical  effluent.  The  mechanism  of  this  inter- 
action would  be  similar  to  the  use  of  alkaline  chlorination  for  the  treatment  of  sul- 
phides through  oxidation.  The  presence  of  a  chlorine  residual  in  the  combined  effluent 
would  indicate  that  all  sulphides  has  been  oxidized  and  eliminated.  Continued  addition 
of  sodium  metasulphite  (as  needed)  would  also  eliminate  residual  chlorine  toxicity. 
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Residual  aluminum  concentrations  in  the  new  combined  effluent  could  be  reduced 
through  pH  adjustment.  The  optimum  range  for  minimising  soluble  aluminum  is  from 
pH  5.4  to  7.3.  Depending  upon  circumstances  acid  or  alkali  could  be  added  to  the 
pond  contents  prior  to  discharge.  Following  a  period  of  reaction  and  settling,  the  pond 
contents  would  be  decanted.  It  is  anticipated  that  aluminum  concentrations  achieved 
by  this  means  would  be  non-toxic  and  typical  of  residuals  in  treated  drinking  water  of 
about  300  jig/L. 

Consequently,  under  BAT  Option  1,  the  following  measures  are  recommended: 

1.  Implementation  of  the  modified  effluent  treatment  system  already  approved  by 
the  Ontario  Ministry  of  the  Environment. 

2.  Elimination  of  sulphide  concentrations  reaction  with  free  chlorine  in  the  mod- 
ified treatment  system. 

3.  Elimination  of  residual  chlorine  concentrations  by  application  of  dechlorinating 
agent  (sodium  metabisulphite)  in  the  modified  treatment  system. 

4.  Reduction  of  residual  aluminum  concentrations  by  adjustment  of  the  pH  of 
pond  contents  prior  to  batch  discharge. 

5.  Careful  monitoring  of  pH,  sulphides,  residual  chlorine  and  residual  aluminum 
prior  to  batch  discharge  of  treated  effluents. 

Details  of  BAT  Option  1  are  presented  in  Section  4.0. 


BAT  Option  2 

Under  40  CFR  Fart  415  of  the  U.S.  Federal  Register  (July  1,  1989  Edition)  effluent 
limitations  were  not  defined  for  either  aluminum  chloride  or  sodium  hypochlorite  man- 
ufacture. Therefore,  a  BAT  Option  2  incorporating  technologies  selected  by  the  U.S. 
EPA  for  comparable  facilities,  was  not  identified. 


BAT  Option  3 

Welland  Chemical  is  the  sole  manufacturer  of  aluminimi  chloride  in  Ontario.    Thus, 
BAT  Option  3  was  defined  as  the  existing  system  at  the  Welland  Chemical  plant. 
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BAT  Option  4 

The  purpose  of  BAT  Option  4  is  to  provide  maximum  overall  water  pollution  control. 
Wastewater  sources  have  akeady  been  presented  in  Table  1  and  include  effluents  and 
wash  waters  from  the  three  main  processing  areas  as  well  as  storm  drainage. 

Implementation  of  the  measures  already  indicated  under  BAT  Option  1  would  be  a 
necessary  starting  point  for  BAT  Option  4.  Additional  management  practices  and  ef- 
fluent controls  would  however  be  necessary  to  further  remove  or  reduce  remaining 
constituents. 

The  proposed  batch  decant  operation  of  the  treatment  system  should  minimize  sus- 
pended solids  levels  in  the  combined  plant  effluent  and  therefore  further  measures  are 
not  recommended.  Careful  attention  to  pond  outlet  design  will  minimize  any  solids  re- 
entrainment. 

Oil  and  grease  levels  are  already  quite  low.  If  additional  reduction  were  felt  necessary, 
an  audit  of  potential  oil  and  grease  sources  should  be  undertaken  and  in-plant  manage- 
ment practices  implemented  to  further  reduce  loadings. 

Oil  and  grease  in  effluents  is  the  likely  source  of  phenols,  since  no  other  general  usage 
chemicals  that  would  contain  this  contaminant  are  reportedly  used  at  the  plant.  There- 
fore, levels  of  this  contaminant  would  also  be  reduced  with  oil  concentrations. 

Given  the  low  concentrations  of  organic  carbon,  the  high  COD  levels  in  the  South 
Lagoon  effluent  are  difficult  to  rationalize.  One  possibility  may  be  interference  in  the 
COD  analysis  produced  by  the  high  levels  of  chloride.  Generally,  standard  analysis 
procedures  are  not  recommended  for  effluents  with  chlorides  exceeding  2,000  mg/L 
(Ref.  2).  COD  analysis  procedures  should  be  reviewed  and  the  effluent  retested  if 
necessary. 

Concentrations  of  boron,  strontium  and  zinc  were  noted  in  the  effluents  from  both  the 
South  Lagoon  and  Lagoon  #L  Cadmium  was  detected  in  the  effluents  from  Lagoon 
#L  Likely  these  contaminants  would  still  be  observed  in  a  combined  effluent. 

The  concentrations  of  boron,  strontium,  and  zinc  are  low.  Technologies  exist  for 
removal  of  low  level  contaminants  in  non-industrial  applications  such  as  drinking  water 
treatment.  However,  an  exhaustive  global  search  carried  out  as  part  of  this  study  did 
not  identify  practical  applications  of  these  technologies  to  treating  industrial  wastewater 
effluents  with  similar  contaminant  concentrations. 

Some  additional  cadmium  removal  will  likely  be  achieved  through  the  modified  (con- 
solidated) treatment  system  although  this  is  likely  to  be  minimal  at  the  pH  needed  for 
aluminum  reduction.  An  audit  should  be  carried  out  to  identify  the  source(s)  of  cad- 
mium and  through  either  material  replacement  or  other  source  controls  that  the  dis- 
charge of  cadmium  should  be  eliminated. 
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Both  the  South  Lagoon  and  Lagoon  #1  effluents  contain  a  number  of  chlorinated  orga- 
nics  at  low  concentrations  including  hexachlorobenzene  and  pentachlorobenzene.  The 
specific  source  of  these  contaminants  is  not  clear,  although  they  may  be  by-products  of 
chlorine  reaction  with  other  organic  species.  The  preferred  approach  to  reducing  the 
discharge  of  these  contaminants  would  be  to  preclude  their  formation  either  by  process 
modification  or  substitution  of  materials  not  containing  similar  organic  substrates.  Tre- 
atment of  these  contaminants  by  stripping  and  adsorption  or  aqueous  phase  adsorption 
is  felt  not  to  be  proven  technology  for  industrial  wastewaters  at  the  observed  concentra- 
tions. Accordingly,  it  is  recommended  that  an  audit  be  carried  out  to  identify  the  so- 
urce(s)  of  these  trace  organic  contaminants  and  to  recommend  insofar  as  possible  pro- 
cess or  material  changes  aimed  at  minimizing  their  production  and  release. 

Both  the  South  Lagoon  and  Lagoon  #1  discharges  have  elevated  concentrations  of 
chlorides.  Presumably,  the  modified  treatment  scheme  would  result  in  similar  chloride 
loadings.  The  chlorine  loadings  principally  originate  in  the  wash  waters  from  the  pro- 
cess areas.  The  total  daily  volume  of  these  streams  in  small  totalling  about  1,300  L/d  if 
all  wash  water  streams  are  included.  The  levels  of  chlorides  in  the  combined  effluent 
would  likely  be  on  the  order  of  4,000  to  5,000  mg/L  (assuming  a  mean  of  6,900  mg/L 
from  the  aluminum  chloride  plant  and  a  mean  of  1,950  mg/L  from  the  remainder  of  the 
plant).  The  technologies  to  treat  these  levels  of  chloride  include: 

•  Preconcentration  of  the  waste  stream  using  reverse  osmosis,  ion  exchange 
or  electrodialysis.  Flow  rates  of  residuals  requiring  further  treatment  will 
total  approximately  10  to  30  percent  of  the  original  flow. 

•  Further  concentration  of  the  waste  stream  through  evaporative  technol- 
ogies such  as  vapour  compression  evaporation  or  steam-driven  evapor- 
ation. 

•  Crystallization  of  the  concentrated  waste  stream  through  the  use  of  spray 
dryers  or  equivalent  technologies. 

•  Disposal  of  resulting  solid  wastes. 

Preconcentration  technologies  require  careful  control  of  operating  conditions  to  avoid 
fouling  or  deterioration  of  membranes  or  resins  and  may  require  additional 
pretreatment  steps  such  as  removal  of  solids  and/or  organics.  All  of  these  technologies 
are  both  energy  and  labour  intensive  and  will  result  in  considerable  capital  costs  as  well 
as  operational  complexity.  Further  description  of  these  technologies,  as  well  as  more 
detailed  information  on  capital  and  operating  costs,  are  provided  in  a  separate  report. 
Therefore,  effluent  treatment  for  chloride  control  is  not  recommended. 

In  this  instance  it  would  be  preferable  to  implement  strategies  for  controlling  the 
degree  of  contamination  of  wash  waters  and  for  minimizing  washwater  volumes. 
Review  of  process  operations  will  be  needed  to  identify  these  opportunities! 
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In  summary,  the  following  measures  are  recommended  under  BAT  Option  4: 

•  Implementation  of  the  modified  treatment  system. 

•  Conversion  of  compressors  to  air  cooling. 

•  In-plant  management  practices  for  oil  and  grease  control. 

•  Source  identification  and  control  study  for  cadmium  and  selected  orga- 
nics. 


BAT  Option  5 

The  elimination  of  once  through  cooling  water  through  the  replacement  of  water 
cooled  air  compressors  in  addition  to  the  reuse  of  effiuent  treated  in  the  modified  sys- 
tem are  the  most  practical  means  of  bringing  the  Welland  Chemical  plant  closest  to 
zero  discharge. 

The  amount  of  additional  effluent  reuse  would  need  to  be  defined  once  the'  new  treat- 
ment system  is  commissioned.  WeUand  Chemical  have  targeted  a  50%  level  of  reuse 
but  have  as  of  yet  not  defined  specific  measures  or  costs  needed  to  achieve  their  goal. 

Thus,  BAT  Option  5  is  defined  as  elimination  of  once  through  cooling  waters  used  in 
air  compressors  and  maximizing  the  reuse  of  the  treated  effluent  discharge  from  the 
new  treatment  system,  in  addition  to  these  recommendations  for  pollutant  reduction 
and  control  presented  in  BAT  Option  4. 


Summary  of  BAT  Options 

Table  2  presents  a  summary  of  BAT  Options. 

4.0  COST  AND  PERFORMANCE  OF  BAT  OPTIONS 

BAT  Options  2  and  3  do  not  incorporate  changes  to  the  existing  wastewater  manage- 
ment system  at  Welland  Chemical.  Best  management  practices  and  technologies  rec- 
ommended for  BAT  Options  1,  4  and  5  are  discussed  in  the  following  sub-sections. 

4.1  BAT  Option  1 

BAT  Option  1  involves  the  elimination  of  once  through  cooling  waters  by  the  conver- 
sion of  all  compressors  to  air  cooling  as  well  as  implementation  and  operation  of  the 

8 
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new  combined  effluent  treatment  system  in  a  manner  that  will  eliminate  effluent  toxic- 
ity. 


Table  2 
Summary  of  BAT  Options  for  Welland  Chemical  Ltd.                          | 

BATOpUoo 

Bfi'viTiiiw  iMlalhiii 

1 

•  Implemeaiation  of  modified  treatment  system. 

•  EUminatipn  of  once  through  cooliog  water. 

2 

Existing  system. 

3 

Existing  system. 

4 

•  Implementation  of  modified  treatment  system. 

•  Elimination  of  once  ihrougb  cooling  water. 

•  In-plant  management  practices  for  oil  and  grease  control  of  cadmium  and  selected  organics. 

5 

BAT  Option  4. 
•               Reuse  of  effluent 

The  modifications  to  the  air  compressors  are  listed  in  Table  3  and  will  involve  replace- 
ment of  one  compressor  unit  and  conversion  to  air  cooling  of  three  other  units.  The 
result  will  be  the  total  elimination  of  all  cooling  waters  previously  used  in  air  compres- 
sors and  of  any  toxicity  associated  with  them. 


Table  3 
Welland  Chemical  Air  Compressor  Modifications 

Existing 

Proposed 

Service 

25  hp  Piston 
Water  cooled 

75  hp  Screw  Type 
•           Air  cooled 

Process  building  and  chlorine 
unit 

25  hp  Piston 

15  hp  Piston  (back  up) 

Water  cooled 

•           Conversion  to  air  cool- 
ing 

Padding  air  for  chlorine  rail 
cars. 

•  15  hp  Piston 

•  Water  cooled 

Conversion  to  air  cool- 
ing 

Service  air  in  maintenance 
shops.                                         1 

Non-toxic  effluents  should  result  through  optimization  of  the  modified  effluent  treat- 
ment system.  This  entails  combining  effluent  discharges,  and  monitoring  and  adjusting 
quahty  prior  to  batch  release.  The  new  effluent  treatment  system  is  depicted  in  Appen- 
dix Figure  Al.  The  system  will  include  a  pumping  recirculation  system  to  ensure  ade- 
quate mixing  in  the  North  Pond.  All  the  reagents  necessary  to  provide  pH  adjustment, 
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dechlorination,  or  sulphide  oxidation  are  presently  employed  onsite.  Chemical  feed  sys- 
tems already  exist  for  both  hydrochloric  acid  and  lime.  Sodium  metabisulphite  is  added 
manually. 


Performance 

The  implementation  of  the  proposed  modifications  to  the  air  compressors  and  effluent 
treatment  system  would  result  in  a  non-toxic  effluent. 


Costs 

The  cost  of  compressor  conversion  and  replacement  has  been  estimated  by  Welland 
Chemical  to  be  $75,000.  The  operating  costs  of  the  air  coolers  have  not  been  esti- 
mated but  would  likely  be  in  part  offset  by  elimination  of  water  purchase  from  the  City 
of  Samia.  The  plant  currently  utilizes  approximately  46  m^/d  of  cooling  water  at  a  cost 
of  $22/d  (water  cost  of  $0.48/m^). 

The  cost  of  the  modified  treatment  system  has  been  estimated  by  Welland  Chemical  to 
be  $500,000.  This  includes: 

•  Reroute  drainage  system  to  Centre  Treatment  Pond  includes  30  gpm 
pump. 

•  Desludge  and  fill  South  Pond. 

•  Desludge  and  widen  and  deepen  centre  (treatment)  pond  includes  30 
gpm  pimip. 

•  Widen/deepen  North  (holding/discharge)  Pond  includes  500  gpm  pump. 

•  Reroute  ground  water. 

•  Recycle  loop  for  effluent  (proposed). 

•  Tri-level  test  posts  for  water  sampling  -  ponds  (proposed). 

•  Test  equipment  associated  with  discharge  to  offsite  (proposed). 

The  costs  of  chemical  reagent  addition  would  depend  on  the  further  treatment  reqiiire- 
ments  after  the  interaction  of  effluents  from  the  various  process  areas.  Welland  Qiem- 
ical's  experience  has  shown  that  sodiimi  metabisulphite  addition  involves  small  operat- 
ing costs  while  pH  control  is  currently  practised  and  would  likely  not  entail  additional 
expense.  Since  the  chemical  feed  systems  are  already  in  place  no  capital  costs  beyond 
the  modification  of  the  treatment  system  are  anticipated. 


42  BAT  Option  4 

BAT  Option  4  includes  the  changes  indicated  under  BAT  Option  1  to  air  compressors 
and  the  effluent  treatment  system  as  well  as  implementation  of  the  following: 
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•  BMPs  for  oil  and  grease  and  phenol  control. 

•  Source  identification  and  control  for  cadmium  and  selected  organics. 

4^.1  Oil  and  Grease  Control 

Description 

In-plant  management  practices  for  control  of  oil  and  grease  discharges  cannot  be  spe- 
cifically identified  without  a  detailed  understanding  of  the  plant,  and  potential  sources. 
Some  general  procedures  that  could  be  considered  include: 

•  Containment  of  high  risk  oil  leak  or  spill  locations. 

•  Placing  oil  absorbent  pads  or  socks  around  equipment. 

•  Using  oil  absorbent  pads  in  wastewater  collection  sumps  to  absorb  visible 
oil  sheens. 

•  Implementation  of  a  surface  oil  skimmer  on  the  wastewater  treatment 
plant  settling  tank. 

•  Other  methods,  depending  on  nature  of  discharge. 


Costs 

The  costs  of  implementing  an  oil  and  grease  control  program  should  not  be  significant. 
A  budget  estimate  of  $25,000  has  been  allowed  for  purchase  of  equipment  and 
adsorbents. 


Performance 

The  oil  and  grease  removal  performance  resulting  fi-om  implementation  of  management 
practices  was  arbitrarily  estimated  to  be  represented  by  the  'Taest"  month  over  the 
twelve  month  MISA  Monitoring  period.  Estimated  performance  is  presented  in  Table 
4.  It  is  assumed  that  phenolics  levels  are  directly  related  to  oil  and  grease  levels. 
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Table  4 
Projected  Performance  for  Implementation  of  Best  Management  Practices  for  Oil 

and  Grease  Control 

Parameter 

New  Combined  Eflluent                                         1 

Current  Qiialitjr^ 

Projected  Quality^ 

Loading  Redoctioo 

Oil  &  Grease  (kg/batch)) 
Oil  &  Grease  (mg/L) 

Phenols  (kg/batch)) 
Phenols  (|ig/L) 

031 

0.007 
30 

0.19 
0.96 

0.0024 
12 

63% 
63% 

Notes: 

1.  After  installation  of  modified  effluent  treatment  system. 

2.  Based  on  flow  weighted  averaging  of  12  months  of  data  for  MISA  Control  Points  BAOIOO 
and  BAA200. 

3.  Based  on  lowest  monthly  concentration  data  observed  over  12  month  monitoring  period, 
and  12  month  mean  flow. 

42.2 


Trace  Organics  and  Cadmium  Reduction 


Description 

An  audit  will  need  to  be  undertaken  to  identify  sources  of  cadmium  and  trace  organics 
and  recommend  appropriate  measures  including  materials  substitution  and  source  elim- 
ination. Since  the  Welland  Chemical  effluents  contain  a  component  of  storm  water, 
consideration  should  also  be  given  to  examining  this  potential  source  of  contaminant 
loadings. 


Costs 

The  cost  of  carrying  out  an  audit  inclusive  of  analyses  is  estimated  for  budget  purposes 
to  be  $25,000. 


Performance 

The  complete  elimination  of  cadmium  and  trace  organics  should  in  theory  be  achiev- 
able. In  practice,  depending  upon  the  source  of  these  contaminants,  some  reduction 
below  current  loadings  will  be  possible. 
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Modified  Effluent  Treatment  System 


Description 

The  details  of  the  modified  treatment  were  already  discussed  \mder  BAT  Option  1. 
The  system  would  be  operated  in  a  manner  to  eliminate  sulphide  and  chlorine  residuals 
and  to  minimize  the  discharge  of  residual  aluminum. 


Costs 

The  estimated  capital  costs  of  the  modified  effluent  treatment  system  was  $500,000. 
Additional  operating  costs  for  labour,  utilities  and  chemical  utilization  are  estimated  to 
be  small. 


Performance 

The  actual  performance  of  the  new  effluent  treatment  system  is  difficult  to  predict. 
The  interaction  of  process  streams  as  well  as  the  addition  of  reagents  for  dechlorination 
or  pH  adjustment  will  all  pay  a  role  in  defining  effluent  quality. 

Table  5  presents  the  'TDest"  estimate  of  combined  effluent  quality  and  loading  reduction 
for  selected  parameters.  , 


w 1 

Table  5 
Projected  Performance  of  Modified  Effluent  Treatment  System 

Parameter 

Present 

Projected 

Concentration 

Loading  (kg/batch) 

Concentration 
(nifi/L) 

Loading 
(kg/batch) 

Sulphide 
Aluminum 

0.04 
Z8 

0.008 
0.55 

0 
03 

0 
0.059 

Notes: 

1.  Based  on  estimated  quality  and  volume  of  current  blended  effluent  Concentration  data 
are  flow  weighted. 

2.  Assumes  batch  discharges  equivalent  to  current  combined  volume.                                   || 
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4.2.4  Elimination  of  Once  Through  Cooling  Water 

Description 

The  elimination  of  once  through  cooling  water  by  the  conversion  of  air  compressors  to 
air  cooling  was  already  discussed  under  BAT  Option  1. 


Costs 

The  estimated  cost  of  conversion  was  $75,000.  No  estimate  of  the  new  operating  costs 
have  been  developed.  The  increase  in  utility  cost  for  air  coolers  will  be  offset  in  part 
by  the  reduction  in  the  water  volume  purchased  from  the  City  of  Samia. 


Performance 

The  implementation  of  air  cooled  compressors  will  eliminate  the  loadings  in  the  cooling 
water  streams  of  oil  and  grease  and  DOC.  Table  6  presents  the  existing  and  projected 
loadings. 


Table  6 
Projected  Performance  for  Implementation  of  Air  Cooled  Compressors 

Parameter 

Existing  Loading^  O^d) 

Projected  Loading  (kg/d) 

Oil  and  Grease 
DOC 

0.06 
0.07 

0.0 
0.0 

Notes: 

1.         Combined  loading  from  all  once  through  cooling  water  streams  (OT0300, 

OT0400,  OT0500).                                                                                            || 

43  BAT  Option  5 

Description 

BAT  Option  5  includes  the  elimination  of  once  through  cooling  water  discharges  as 
well  as  other  controls  recommended  for  pollutant  reduction  under  BAT  Option  4.  In 
addition,  Welland  Chemical  has  indicated  that  they  are  examining  up  to  a  50%  reduc- 
tion in  effluent  discharge  by  reusing  the  final  effluent  within  the  plant.  The  specific 
feasibility  of  achieving  this  degree  of  reuse  has  not  been  evaluated  as  yet. 
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Costs 

Until  specific  proposals  for  water  reuse  are  detailed,  no  costs  can  be  presented  for 
recycling  effluent.  Furthermore,  the  cost  of  the  modified  treatment  system,  of  $500,000 
may  be  high,  because  the  capacity  requirements  would  be  reduced  if  untreated  effluents 
were  recycled.   However,  more  detailed  costs  caimot  be  provided  at  this  time. 


Performance 

Until  a  reuse  scheme  has  been  specified  and  estimates  prepared  of  effluent  discharge 
quality  and  volume,  it  is  not  possible  to  specify  a  level  of  performance. 


5.0 


SUMMARY  OF  COST  AND  PERFORMANCE  OF  BAT  OPTIONS 


Table  7  presents  a  summary  of  estimated  costs  and  projected  performance  of  imple- 
menting BAT  options  at  Welland  Chemical.  Estimates  for  the  reduction  in  trace  orga- 
nics  and  cadmium  were  not  included  because  of  the  uncertainties  in  the  sources  of 
these  contaminants  and  the  ability  to  completely  eliminate  effluent  loadings. 


1 

Table  7 
Summary  of  Cost  and  Performance  of  BAT  Options  for  Welland  Chemical 

Component 

BAT  Option  I 

BAT  Option  2,  3 

BAT  Options  4  and  5 

Cost  Sununar; 

Capital 

Operating 

Study 

$575,000 

small 

0 

0 
0 

0 

$575,000 

$25,000+ 

$25,000 

Performance  Summary  (Loading  Reduction)  (kg/batch) 

Oil  and  grease 

Phenols 

Aluminum 

Sulphides 

DOC 

0.06 

0 
0.49 
0.008 
0.07 

0 
0 
0 
0 
0 

0.18 
0.0046 

0.49 
0.008 

0.07 

6.0 


INFORMATION  SOURCES 


1.         Inorganic  Chemical  Sector  Plants  Site  Visit  Report  -  Welland  Chemical  Limited. 
March  18,  1991  (unpublished). 
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Ontario  Ministry  of  the  Environment  Memorandum  Regarding  Amendments  to 
Certificate  of  Approval  for  Wastewater  Treatment  and  Collection  System,  Samia 
Area  OfBce,  October  4,  1990. 
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APPENDIX 
Figure  and  Tables 
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Figure  A1 
PROPOSED  CHANGES  TO  WELLAND  CHEMICAL  LTD, 
WATER  COLLECTION  SYSTEM 


Table  AI ,  Welland  Chemical  Ud. 

Summary  of  Rows  and  Priority  One  Pollutants 

MISA  Control  Point  BA0100 

Description:  Batch  Discharge  from  South  Lagoon 

Contaminant 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loacfing 
kg/batch 

Minimum 

Maximum 

Mean 

Row 

m3/batch 

Not  Avail. 

Not  Avail. 

144 

COD 

mg/L 

150 

340 

245 

35.28 

Ammonia  plus  Ammonium 

mg/L 

0.16 

5.5 

2.47 

0.36 

Total  Kjeldahl  Nitrogen 

mg/L 

1.5 

7 

3.87 

0.56 

Nitrate  &  Nitrite 

mg/L 

0.98 

1.8 

1.18 

0.17 

DOC 

mg/L 

0.35 

.   16 

4.46 

0.64 

Specific  Conductance 

uS/cm 

6300 

2600Q», 

-    12600 

Total  Suspended  Solids 

mg/L 

12 

.è^ 

^>i^28.6 

4.12 

VSS 

mg/L 

18 

Jrk 

'^      20.5 

2.95 

Aluminum 

ug/L 

12QM 

\^ 

3710 

0.53 

Boron 

ug/L 

s?. 

^^     90 

47.6 

0.0069 

Strontium 

ug/L 

460 

^^     2400 

1040 

0.150 

Zinc 

ug/L 

8 

44 

25.6 

0.0037 

Phenolics(4AAP) 

ug/L 

3 

39 

21 

0.0030 

Sulphide 

ug/L 

20 

70 

45 

0.0065 

Chloroform 

ug/L 

0.4 

140 

54.6 

0.0079 

Methylene  Chloride 

ug/L 

0.3 

4.6 

1.71 

0.00025 

Hexachlorobenzene 

ng/L 

3 

30 

20.1 

2.89E-06 

Oil  and  Grease 

mg/L 

0.96 

2.2 

1.43 

0.21 

Chloride,  Unfiltered  Reactive 

mg/L 

3800 

10000 

6900 

994 

Table  A2.  Welland  Chemical  Ltd. 

Summary  of  Rows  and  Priority  One  Pollutants 

MISA  Control  Point  BA0200 

Description:  Effluent  from  Lagoon  #1 ,  Batch  Discharge 

Contaminant 

Units 

Concentration  over  12  Month 
Sampling  Period 

Loadng 
kg/batch 

Minimum 

Maximum 

Mean 

Flow 

mS/batch 

Not  Avail. 

Not  Avail. 

54 

COD 

mg/L 

16 

21 

18.5 

1.00 

Total  Kjeidafil  Nitrogen 

mg/L 

0.2 

8 

1.64 

0.089 

Nitrate  &  Nitrite 

mg/L 

0.21 

1.8 

0.907 

0.049 

DOC 

mg/L 

0.7 

30 

6.92 

0.37 

TOC 

mg/L 

1.6 

.  33 

13.8 

0.75 

Specific  Conductance 

uS/cm 

3000 

15000 

6780 

Total  Suspended  Solids 

mg/L 

4.2 

21 

10.4 

0.56 

Aluminum 

ug/L 

98 

1300 

443 

0.023 

Boron 

ug/L 

30 

^?J 

^50.6 

0.0026 

Cadmium 

ug/L 

1 

J?^ 

^*      4.1 

0.00021 

Strontium 

ug/L 

70 

.^OA 

^'    496 

0.026 

Zinc 

ug/L 

4 

K.^^ 

26.5 

0.0014 

Phenolics  (4AAP) 

ug/L 

4?^ 

'    <\^nio 

76 

0.0040 

Sulphide 

ug/L 

2(t,< 

>]^          40 

30 

0.0016 

Dibromochloromethane 

ug/L 

0.4 

4.9 

2.04 

0.00011 

Chloroform 

ug/L 

0.4 

310 

90.7 

0.0047 

o-Xylene 

ug/L 

0.4 

1 

0.53 

0.000028 

Hexachlorobenzene 

ng/L 

3 

54 

13.2 

7.13E-10 

Pentachlorobenzene 

ng/L 

2.1 

32 

9.16 

4.95E-10 

Oil  and  Grease 

mg/L 

0.96 

5.3 

1.89 

0.098 

Chloride,  Unfiltered  Reactive 

mg/L 

1100 

2800 

1950 

105 

Ruoride,  Unfiltered  Reactive 

mg/L 

0.1 

0.5 

0.3 

0.016 

Sulphate,  Unfiltered  Reactive 

mg/L 

11 

34 

22.5 

1.22 

Table  A3.  Welland  Chemical  Lld. 

Summary  of  Flows  and  Priority  One  Pollutants 

MISA  Control  Point:  OT0300 

Description:  Once-ttirough  cooing  water  from  ctilorine  fling  unit 


Contaminant 


Units 


Concentration  over  12  Month 
Samping  Period 


Minimum   Maxii 


Mean 


Loading 
(kg/d) 


Row 


m3/d 


10.8 


17 


DOC 


mg/L 


0.5 


?^ 


1.39 


0.024 


Specific  Conductarx:e 


uS/cm 


m& 


;^ 


186 


Oil  and  Grease 


mg/L 


^ 


1.51 


0.026 


Table  A4.  Welland  Chemical  Ltd. 

Summary  of  Flows  and  Priority  One  Pollutants 

MISA  Control  Point  OT0400 

Description:  Once  through  cooBng  water  from  aluminum  choride  (east  walO 


Contaminant 


Units 


Concentration  over  12  Month 
SampingPytei 


Minimum    Maxii 


igpga 


^^ 


Mean 


Loading 
(kg/d) 


Row 


m3/d 


11.5 


x»,3;6y 


11.9 


DOC 


mg/L 


0.7 


ssS^ 


1.56 


0.019 


Specific  Conductance 


uS/cm 


y^ 


98 


186 


Oil  and  Grease 


mg/L 


^<^ 


1.25 


0.015 


Table  A5.  Weiland  ChemicaJ  Ltd. 

Summary  of  Flows  and  Priority  One  Pollutants 

MISA  Control  Point  OT0500 

DescriptionrOnce-through  cooBng  water  from  aluminum  chloride  buildng  (soutti  wall) 


Contaminant 


Urvts 


Concentration  over  12  Montt) 
Sarinping  Period 


Minimum   Maximum 


r^ 


^ 


ean 


Loading 


Row 


m3/d 


14.4 


20 


^ 


17.2 


DOC 


mg/L 


0.5 


i 


.g 


1.44 


0.025 


Specific  Conductance 


uS/cm 


150 


186 


<^ 


Oil  and  Grease 


mg/L 


1.08 


<<' 


# 


0.018 


Table  A6 
Toxicity  Data  for  Welland  Chemical  Limited  for  the  First  Six  Months  of  the 

NQSA  Monitoring  Regulation                                            || 

MISA  Control  Point 

Test  Species 

Nomberor 
Samples 

Range  of  Data 

Number  of  Non- 
Lethal  Samples 

BAOIOO 

Raiobow  Trout 
Daphnia  magna 

4 
3 

64.6%  to  >100% 
66.9  %  to  70.7% 

none 
none 

BA0200 

Rainbow  Trout 
Daphnia  magna 

4 
3 

2J%  to  51.1% 
1.7%  to  70.7% 

none 
none 

OT0300 

Rainbow  Trout 
Daphnia  magna 

2 
2 

64.7%  to  >100% 
18.0%  to  30J% 

none 
none 

OT0400 

Rainbow  Trout 
Daphnia  magna 

2 

2 

>100% 
30.5%  to  36.1% 

none 
none 

OT0500 

Rainbow  Trout 
Daphnia  magna 

2 
2 

>100% 
36.9%  to  42.7% 

none 
none 

IN0600 

Elainbow  Trout 
Daphnia  magna 

1 
1 

62J% 
18% 

none 
none 

Weiland  Chemical 
Samia 


CONCENTRATIONS 

LOADINGS   kg/d 

ATG 

PARAMETER 

RMDL 

UNIT 

OT0300 

OT0400 

OT0500 

OT0300 

OT0400 

OT0500 

c 

Total  suspended  solids 

5 

rtig/L 

2.03 

2.38 

2.06 

0.034 

0.029 

0.036 

c 

Hydrogen  ion  (pH) 

7.27 

7.37 

7.37 

c 

Specific  conductance 

uS/cm 

186 

186 

186 

c 

DOC 

0.5 

mg/L 

1.39 

1.56 

1.44 

0.024 

0.018 

0.025 

c 

TOC 

5 

mg/L 

1.67 

1.9 

2.05 

0.029 

0.022 

0.035 

c 

Oil  and  grease 

1 

mg/L 

1.51 

1.25 

1.08 

0.026 

0.015 

0.018 

c 

Total  phosphorus 

0.1 

mg/L 

0.100 

0.100 

0.100 

0.002 

0.001 

0.002 

98 

Ftflow 

m3/d 

17 

11.9 

17.2 

Batch 

Discharges 

CONCENTRATIONS 

LOADINGS   kg/d 

ATG 

PARAMETER 

RMDL 

UNIT 

BA0100 

BA0200 

IN  0700 

BA0100 

BA0200 

IN  0700 

c 

Total  suspended  solids 

5 

mg/L 

28.6 

10.4 

3.5 

1.74 

c 

Hydrogen  ion  (pH) 

7.56 

7.66 

c 

Specific  conductance 

uS/cm 

12600 

6780 

c 

DOC 

0.5 

mg/L 

4.46 

6.92 

0.582 

1.048 

c 

TOC 

5 

mg/L 

5.02 

13.8 

0.602 

1.940 

c 

Oil  and  grease 

1 

mg/L 

1.43 

1.89 

0.960 

0.187 

0.348 

34.6 

c 

Ammonia  plus  Ammonium 

0.25 

mg/L 

2.47 

0.999 

0.264 

0.145 

c 

Nitrate+Nitrite 

0.25 

mg/L 

1.18 

0.907 

0.153 

0.152 

c 

Total  Kjeldahl  nitrogen 

0.5 

mg/L 

3.87 

1.64 

0.458 

0.264 

c 

Total  phosphorus 

0.1 

mg/L 

0.079 

0.084 

0.069 

0.01 

0.014 

2.49 

09 

Aluminum 

30 

ug/L 

3710 

443 

100 

0.467 

0.068 

3.61 

09 

Boron 

50 

ug/L 

47.6 

50.6 

14 

0.006 

0.008 

0.505 

09 

Cadmium 

2 

uq/L 

4.29 

4.1 

1 

0.001 

- 

0.036 

09 

Strontium 

20 

ug/L 

1040 

496 

88 

0.11 

0.076 

3.18 

09 

Zinc 

10 

ug/L 

25.6 

26.5 

4 

0.003 

0.005 

0.144 

12 

Mercury 

0.1 

ug/L 

0.066 

0.15 

0.019 

_ 

_ 

_ 

14 

Phenolics  (4AAP) 

2 

ug/L 

21 

76 

1 

0.003 

0.015 

0.0361 

15 

Sulphide 

20 

ug/L 

45 

30 

0.004 

0.005 

16 

Chloroform 

0.7 

ug/L 

54.6 

90.7 

27 

0.007 

0.018 

0.974 

16 

Dibromochloromethane 

1,1 

ug/L 

1.19 

2.04 

4.2 

- 

0.001 

0.151 

16 

Methylene  chloride 

1.3 

ug/L 

1.71 

0.86 

0.3 

_ 

_ 

0.011 

17 

o-Xylene 

0.5 

ug/L 

0.429 

0.53 

0.4 

._ 

_ 

0.014 

19 

Bis(2-ethylhexyl)  phthalate 

2.2 

ug/L 

1.4 

2.75 

_ 

0.001 

19 

Di-n-butyl  phthalate 

3.8 

ug/L 

1.1 

2.9 

- 

0.001 

20 

Phenol 

2.4 

ug/L 

1.35 

1.8 

_ 

_ 

23 

Hexachlorobenzene 

10 

ng/L 

20.1 

13.2 

3 

_ 

_ 

_ 

23 

Pentachlorobenzene 

10 

ng/L 

3.64 

9.16 

2.1 

_ 

_ 

_ 

24 

Octachlorodibenzofuran 

30 

pg/L 

26.5 

22 

_ 

_ 

98 

Volume  Discharged— Total 

m3 

127 

163 

11 

Chloride 

2 

mg/L 

6900 

1950 

558 

390 

13 

Sulphate 

5 

mg/L 

4.5 

22.5 

0.554 

4.59 

Notes 

OT0300  is  the  "Effluent  from  the  Chtorine  Filling  Unit";  OT  0400  and  0500  are  the  'Effluents  from  the 
Aluminun  Chbride  Building,  respectively  the  East  and  South  Walls  ". 

BA0100  and  BA0200  are  the  'Effluents  from  the  South  and  #1  Lagoons'  respectively 

Batch  discharges  were  infrequent  and  figures  are  averaged  over  days  when  discharge  was  made. 

All  discharges  follow  local  run-off/surface  drainage  conduits  to  the  St.  Clair  River. 
Loadings  for  intake  are  calculated  from  analytical  figures  and  from  the  sum  of  the  OT  flows. 


